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Why? Because quality flavors make quantity sales. 


If you have a flavor problem, we can help you. Experienced flavor chemists at IFF can create a 
flavor exclusively yours . . . suggest ideas for new products. . . improve flavor stability and 
shelf-life. If yours is an established product, IFF flavors can add new zest for renewed 

sales impact. 


And if you are in the international market, IFF can minimize problems of supply. Uniform 
manufacturing and quality control in all of its plants throughout the world assure customers 
that IFF flavors, wherever ordered, remain the same from batch to batch. 


For the flavor that’s sales-perfect for your product, contact IFF. 


FLAVOR DIVISION 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 
417 Rosehill Place, Elizabeth 2, N. J. 


Leading Creators and Manufacturers in the World of Flavor 


ARGENTINA AUSTRIA BELGIUM BRAZIL CANADA ENGIAND FRANCE GERMANY HOLLAND INDONESIA ITALY NORWAY SOUTH AFRICA SWEDEN SWITZERLAND USA 
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If color} '} is your } problem... 


ohnstamm 
is 


answer 


\ 


(ey First producers of certified colors. 161 Ave. of the Americas, New York 13; 
HK) 11-13 E. Illinois St., Chieago 11; 2632 E. 54 St., Huntington Park, Calif. 
e | 8 In Canada: Stuart Sros. Ltd., Montreal, Toronto, Winnipeg & Vancouver. 
SINCE 1851 
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Here's a topper—cherry, whipped toppings, 
sprinkles, ice cream—enough to make any young 
man’s eyes pop. In whipped toppings, cellulose 
gum, Hercules purified CMC, is used as a stabilizer. 
Hercules cellulose gum is finding ever-increasing uses in a variety of food products because of its purity, consistent 
quality control and dependable supply. If you are a food processor you probably know about CMC. If you want to know 
more, we'll be glad to send you complete technical information on your requirements and work with you on your specific 


formulation if you request. For further assistance, write: 


Virginia Cellulose Department 
HERCULES POWDER COMPANY 


Hercules Tower, 910 Market Street, Wilmington 99, Delaware 


Hercules Cellulose Gum 
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IFT Publications 


I. is with heartfelt pleasure that 
as President of the IFT, I am in a position to acknowl- 
edge the outstanding efforts of Dr. Martin S. Peterson 
as Editor of Institute publications. 

Although the Institute has grown both in size and 
prestige since ‘‘Dr. Pete’’ was officially appointed 
Editor on June 8, 1952, it 
is my feeling that the 
standards of editorial ex- 
cellence maintained are 
partially responsible for a 
‘*faster than normal’’ rate 
of growth. Through efforts 
directed toward = serving 
the Institute, as well as 
many thousands of other 
interested personnel in the 
food industry, Foop Treca- 
NOLOGY has become an ac- 
cepted part of the vocabu- 
lary of Food Technologists. 

Martin Severin Peterson was born April 21, 1897, at 
Chemawa Indian Academy near Salem, Oregon. He 
attended public schools in MeMinnville, Oregon, until 
graduation from high school, and then enrolled at 
Reed College, Portland, where he received an A.B. 
Between 1926 and 1945, Dr. Peterson taught at the 
University of Nebraska, and completed requirements 
for an M.S. and Ph.D. in English in 1932. He is a 
member of the honorary societies, Phi Tau Sigma and 
Sigma Upsilon. 


Martin S. Peterson 


Applications for IFT administered Fellowships, Scholarships 
and Awards are now being accepted by: [Executive Secretary, 
IFT, 176 W. Adams St., Chicago 3, Tlinois. 

Each year the IFT administers over $22,000 for educational 
purposes. Eligibility and prerequisites for these thirteen awards 
in the area of food technology, effective during the 1961-62 


school year, are as follows: 


FELLOWSHIPS 


Awarded to outstanding persons pursuing graduate studies, 
or who would be so engaged at the effective date of the award. 
Given to U. 8S. or Canadian citizens who plan to study at a 
recognized institution within the United States or Canada. 
GENERAL FOODS FELLOWSHIPS—Three Fellowships. 

$4,000 each. 
SAMUEL CATE PRESCOTT FELLOWSHIP—One $1,000 Fel 


lowship. This is not subject to the above citizenship 


regulations. 


SCHOLARSHIPS AND AWARDS 
Granted to outstanding U. 8. or Canadian citizens who have 
completed two years of undergraduate work which was designed 
to prepare them to complete the additional study necessary to 


Dr. Peterson Retires as Editor of 


Announcement to Scholars and Would-be Scholars 


Dr. Imri J. Hutchings 


President, Institute of Food 
Technologists 


It may be of interest to note that while attending 
Reed College, he played championship handball 
against the man who is the present Senator from 
Illinois, Paul Howard Douglas—and beat him! 

setween 1946 and 1947, he was associated with the 
Western Regional Laboratory, and from then to the 
present his association has been with the QMF&CT in 
Chicago. 

Author of three books: ‘‘ Joaquin Miller, Literary 
Frontiersman,’’ ‘‘Using Better English,’’ and ‘‘ Busi- 
ness Letters and Reports, ’ Dr. Peterson has found 
time to increase the number of technical pages in 
Foop TecHNoLoey from 484 in 1952 to 742 in 1959 
and 670 in 1960. Such an inerease, in addition to 
maintaining editorial excellence, is certainly a tribute 
to Dr. Peterson. 

Behind the scenes contributing many hours of de- 
tailed work for each issue of both our journals, is 
Wilma Peterson. It is my pleasure to express grati- 
tude to her, for her untiring work on behalf of the 
Institute. 

While retiring as Editor of Institute publications, 
Dr. Peterson will retain his position as Chief of the 
Technical Services Office, Quartermaster Food and 
Container Institute of the Armed Forces. In addition, 
he has another book in press (Reinhold) which will be 
published this spring. 

Again I express tribute to our former Editor, and 
offer best wishes to his successor, Dr. George F. 
Stewart, who commenced his duties with this issue. 


earn a B.S. in food technology, or equivalent, at a recognized 

institution within the U. 8. or Canada. 

GERBER UNDERGRADUATE AWARDS—Six Awards. $1,000 
each. 

DODGE AND OLCOTT SCHOLARSHIP—One $1,000 Scholar 
ship. 

ALEXANDER E. KATZ MEMORIAL SCHOLARSHIP—One 


$1,000 Seholarship. 


For each of the above Fellowships, Scholarships and Awards, 
the individual must apply ON THE PRESCRIBED IFT FORM. 

In addition, the FLORASYNTH FELLOWSHIP is admin 
istered. In this case, the Head of the Department only, may 
nominate the individual(s) he considers would qualify for such 
an award, Nominations must be made on the approved IFT 
Nomination Form. 

Presently under consideration are ten $300 undergraduate 
scholarships. Further details about them will be published in 
a future issue of FOOD TECHNOLOGY. 

Deadline for receipt of applications and the accompanying 
photographs and letters of recommendation, is March 1st, 1961. 
Send all requests for applications, and completed applications, 
to: Executive Secretary, Institute of Food Technologists, 176 
West Adams Street, Chicago 3, Illinois. 
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Vitamin A man 


G. G. R. Smith heads our vitamin blending department and 
has headed it for many years. He is the master of the great 
tanks that receive our production of Myvax® Vitamin A Pal- 
mitate and Acetate. He supervises the valving of their contents 
into cans labeled ‘‘Myvapack® Vitamin A."’ He sees that each 
can gets exactly what is required to fortify exactly one batch 
of a given customer plant's product. He knows by heart each 
customer's different needs, cach customer's current decision on 
colorants, added vitamin D, other approved additives. He 
wants to learn your needs, too, if the opportunity has thus far 
been denied him. 

Distillation Products Industries, Rochester 3, N. Y. Sales 
offices: New York and Chicago ¢ W. M. Gillies, Inc., West 
Coast ¢ Charles Albert Smith Limited, Montreal and Toronto. 


| production of vitamin 


Distillation Products Industries 
is o division of Eastman Kodak Company 
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Flavor Nomenclature 
Committee in Action 


For some time now, university and industry workers 
have been concerned with the general lack of agree- 
ment among food scientists as to the meaning and use 
of specific flavor terms and the need for a language 
of flavor.’’ There are far too few descriptive terms 
germane to flavor. A great part of the description 
used is based entirely upon simile, ‘‘it tastes like . . . , 
or it smells like . ”? Thus there really is no lan- 
guage of flavor. 

In order to take some remedial action in this re- 
gard, a Flavor Nomenclature Committee (FNC) was 
formed by several interested members of the Institute 
of Food Technologists to examine the current status of 
flavor terminology, conduct experiments, and create 
a systematic language of flavor suitable for the use of 
scientists everywhere. The ultimate goal is to produce 
a compendium of flavor terms that will provide a 
means for rapid and accurate data transfer for those 
persons interested in foods. 

In the selection of the Committee, it was felt that it 
would be desirable to have members from all walks of 
life with one common interest among them, that is, 
food flavor problems. Persons were selected from the 
fields of industry, education, and government. Mem- 
bers of the committee are as follows: 

Professor Maynard A. Amerine 
Department of Viticulture and Enology 
University of California 

Davis, California 

Professor Richard A, Bernhard, Chairman 
Department of Food Science and Technology 
University of California 

Davis, California 

Dr. Joseph Corse 

Fruit and Vegetable Laborat 

United States Department o1 

WURDD 

Albany, California 

Dr. Richard L. Hall 

Director of Research and Development 
MeCormick and Company 

Baltimore, Maryland 


Professor Amihud Kramer 
Department of Horticulture 
University of Maryland 
College Park, Maryland 


Mr. Harvey K. Murer (Deceased )* 
Director of Research 

General Foods Corporation 
Tarrytown, New York 

Dr. Martin 8. Peterson 

QM Food and Container Institute 
Chieago, Illinois 

Dr. Andrew J. Sullivan 

Flavor Biochemistry Research 
Campbell Soup Company 
Camden, New Jersey 


“The Committee notes with deep regret that Mr. Murer was 
killed in an automobile accident last August. 
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Textures for sale 


In fat-based foods Myverol” Distilled Monoglycerides are widely recognized for one group of 
effects. In shortening, for example, they so control the tricky relationship between batter “curdle,” 
bubble size, and cell-wall strength that a wonderful cake texture comes out of the oven. They permit 
peanut butter to go to the beach on a July day without leaking oil, yet spread smoothly after a 
week in the refrigerator. 


In starch-based foods Myverol Distilled Monoglycerides have won just as big a place for an en- 
tirely different effect—-the complexing of dissolved amylose. Dehydrated potato products have 
enjoyed their rip-roaring success because they make up into a food that looks like, tastes like, and 
is mashed potato, not library paste. Hot cereals no longer need inevitably turn jellylike a certain 
time after cooking. 


A very small content of these unique molecularly distilled monoglycerides pro- 
foundly affects the delicate architecture of foods. Prepared from the glycerolysis of 
edible fats or oils, Myverol Distilled Monoglycerides are exempt from the Food Additives 
Amendment. For technical data and prices write Distillation Products Industries, 
Rochester 3, N. Y. Sales offices: New York and Chicago « W. M. Gillies, Inc., West 
Coast e Charles Albert Smith Limited, Montreal and Toronto. 


distillers of monoglycerides ° Also... vitamin A in bulk 
made from natural fats and oils ined 1h for foods and pharmaceuticals 


Distillation Products Industries iso division of Eastman Kodak Company 
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Tempting, eye-appeal attains its most potent sales effectiveness with 

Red Seal Colors of unsurpassed brilliance, purity and uniformity. Let 
Warner-Jenkinson produce—and precisely re-produce—the exact colors 

to give your products the greatest possible taste-stimulating attractiveness. 


WARNER-JENKINSON MANUFACTURING CO. 
Manufacturers of Certified Food Co/ors, Vanillas, Extracts, Flavors 
2526 Baldwin St. . St. Louis 6, Mo. 
West Coast: 2515 Southwest Drive, Los Angeles 43, Calif. * Warehouses: Boston, Jersey City, Atlanta 
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Mr. Horton E. Swisher 
Research Department 
Sunkist Growers 

Ontario, California 

Mr. Chester A. Wood 
William J. Stange Company 
Chieago, Illinois 


The Flavor Nomenclature Committee had its first 
meeting on Monday, May 16, 1960, during the IFT 
Annual Meeting in San Franciseo, California. Dur- 
ing this meeting, various aspects of the flavor nomen- 
clature problem were discussed fully and a course of 
action to be followed for the future was determined 
with unanimous agreement among the ten members 
present. 

A proposed study to be conducted by the Flavor 
Nomenclature Committee is as follows : 

1. To devise a condensed list of descriptive terms 
that would describe oral sensations (such as pure 
taste and chemical sense, those compounds or sensa- 
tions which affect free nerve endings on the tongue 
and nasal passage) and tactile responses. 

2. To prepare samples to be evaluated employing 
these descriptive flavor terms. 

3. To evaluate the results of such findings and to 
make them known to the [FT membership. 


In preparing the list of descriptive flavor terms, it 
was decided to use the simplest terms which were 
available and in common usage throughout the United 
States. Such terms as bitter, flat, metallic, moldy, 
musty, sweet, sour, salty, rubbery, rancid, soapy, 
woody, yeasty were included as typical descriptive 
terms in current use. It has been decided to avoid 
the use of such terms as aromatic, clean, clear, green, 
pungent as being either too general, not characteristic 
enough, or duplicative of the above terms. Such a list 
has now been prepared and distributed to the mem- 
bers of the Flavor Nomenclature Committee. 

The Committee decided that a common food to be 
evaluated should be readily available, should with- 
stand rough treatment without changing or altering 
its flavor too greatly, and could be distributed to all 
members of the committee for evaluation in their own 
laboratories or offices. Tomato juice was unanimously 
selected as this material. In addition, a sample of a 
pure organic compound was to be evaiuated and this, 
too, was to have the above-mentioned characteristics. 

Samples of tomato juice and the unknown organic 
compound were mailed by the Chairman from Davis, 
California, to each member of the committee. The 
tomato juice was to be evaluated by taste (oral sensa- 
tion), tactile response, and odor response; the pure 
organic compound was to be measured by smelling 
only. The intensity of each of the descriptive terms 
was to be rated on a scale of 1-3. Thus, one may 
evaluate tomato juice as being salty, with an intensity 
factor of 2, and/or flat with an intensity factor of 1, 
metallic, intensity factor of 2, and so forth. The 
experiment is still in progress, and the results will be 
made known to the IFT membership as soon as 
possible. 


The Chairman of the FNC felt it was desirable to 
inform the members of the IFT of its actions and also 
to allow the members to know that this group is 
working in their behalf to help resolve a most seri- 
ous problem. At the next FNC meeting, tentatively 
scheduled for mid-winter, it will examine the re- 
sults of this particular test and try to determine if 
the approach can be considered satisfactory. In the 
event it is unsatisfactory, proceedings to develop an- 
other system of terminology will be initiate? 


Ricuarp A. BERNHARD 


FUTURE MEETINGS FOR 
FOOD TECHNOLOGISTS 


1961 
February 2-3 Statistical Quality Control and Instrumenta- 
tion Workshop for the Food Industry (co- 
sponsored by the Institute of Food Technolo- 
gists, Western New York Section, and 
N.C.A.) Cornell University, Ithaca, New York. 


February 28 Ninth Annual National Dairy Engineering, 

—March 1 Conference (co-sponsored by the Department 
of Agricultural Engineering and the Depart- 
ment of Food Science, Michigan State Uni- 
versity, and the National Association of Dairy 
Equipment Manufacturers) Michigan State 
University, East Lansing 


April 4-6 Fifteenth Annual Meeting of the Research 
and Development Associates, Food and Con 
tainer Institute, Hotel John Marshall, Rich 
mond, Virginia 


April 11-12 Food Engineering Conference, Michigan State 
University, East Lansing, Michigan. (For in 
formation write to Continuing Edueation 
Service, Michigan State University, East 
Lansing) 


May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 
York, New York 


May 15-18 Fourth International Congress on Canned 
Foods, Berlin, Germany (for information ad 
dress M. Henri Cheftel, 71, Avenue Edouard 
Vaillant, Billancourt (Seine), France. 


1962 
June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 


1963 
May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of Foon TrcuHNOLoGy to 
send in to the Editorial Office, P. O. Box 164, Davis, California, notices 
of annual or national meetings of interest to food technologists. 
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The Role of Convenience in Food Selection’ 


SUMMARY 


Convenience plays an important role in food selection. Its 
relative importance, however, is dependent on the strengths of 
other parts of the value system. Since not all consumers are 
precisely alike, it is quite apparent that these other pulls must 
be considered if we are to maximize returns from food 


marketing. 


Decisions ARE MADE on the basis 
of values resulting from experiences or expectations of 
the decision maker. The emotional determinants of 
choice making, Nolan (1953) indicated, are attitudes, 
values, and preferences. These concepts provide the 
frame of reference that permits choice making with- 
out considering the multitude of possible alternatives 
for the many decisions that must be made each day. 
The three concepts interact with one another. Values 
can either control attitudes or preferences or be 
developed from them, but values prescribe the desired 
action under a particular situation. 


* Presented at the Institute of Food Technologists, Twentieth 
Annual Meeting, San Francisco, California, May 16, 1960. 

"The assistance of T. M. Brooks, M. E. John, and H. B. 
Bylund in preparing this paper is greatly appreciated. 


R. L. Baker” 


Department of Agricultural Economics 
and Rural Sociology, The Pennsylvania 
State University 


John (1956) indicated that six kinds of values are 
associated with food selection: functional, economic, 
status, self-esteem, esthetic and sentimental. This 
paper emphasizes the first aspect—functional value. 
That value sets the standard of performance of a 
product in term of socially defined criteria. 

These criteria may have either a biogenic or psycho- 
genic base, but decisions to purchase are likely to 
result from combinations of the two kinds of need 
(Bayton, 1958). 

Thus, functional values as used in this paper are 
determined from a broader, and perhaps less precise, 
base than functional properties as defined by the food 
technologist. Values may emanate from society, the 
community, one’s peers, one’s family, or the indi- 
vidual. Funetional properties are strictly biogenic, 
emanating from the product itself or the vehicle em- 
ployed in making the product available to the user. 
The effect of these properties on choice, however, 
stems from biogenic and/or psychogenic needs. 

Convenience is one aspect of functional value. This 
functional value has become so important in our tech- 
nically oriented society that homemakers no longer 


FOR TECHNICAL HELP... 


f In addition to supplying you with high quality choco- 
late flavorings and coatings, your Man From Blumen- 
thal will gladly: 

1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special serv- 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 
special types of chocolate. 

Refer your problems to one of our consultants spe- 
cializing in technical problems. — 
Conduct research on new ideas suggested by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 


Lan 
ft 
4 
: 
ap 
| 
> 
43 
= 
| 
ait 
fe 
i 
10 
i 


FOOD TECHNOLOGY, JANUARY, 1961 


rationalize the use of convenience items. In other 
words, a convenience item is selected without having 
in mind an alternative use for the time or effort saved. 
In fact, in certain groups, one might select a con- 
venience item in order to avoid ridicule by one’s peers. 

Convenience takes many forms. Decisive factors in 
selection may be such functional properties as the 
ease of opening, handling, or storing a package. For 
instanee, in a study of consumers in Harrisburg, 
Pennsylvania, the following question was raised: 
‘‘Here is a picture of two packages of cereal. The 
cereal in the cellophane bag costs 21 cents and that in 
the box 25 cents. Which would you buy?’’ Of those 
interviewed 86% selected the box, 13% the cello bag, 
and 1% had no preference. The consumers were then 
asked : *‘ What is there about that makes you 
prefer it?’’ Of those selecting the box, three-fourths 
justified their selection on the basis of convenience 
factors, which included easier to handle, easier to 
open, easier to store, or the package isn’t likely to 
split or fall apart. Only about one-fifth of the group 
justified their selection of the box on the basis of 
product factors, which would generally fall into a 
better-quality category with the most often mentioned 
specific fector being that the product is likely to be 
fresher. 

Of those who selected the ‘‘cello’’ bag, more than 
four-fifths justified their selection on an economy basis, 
and only 4% on factors that could be called con- 
venience reasons. 

Although the consumers were given only one of the 
variables (price) they needed in order to determine 
the relative economy of the two packages, only 4% of 
those interviewed asked about the quantity of cereal 
in each package (18% of those selecting the bag, and 
only 2% of those selecting the box). Consumers with 
an annual take-home pay of $8,000 or more and those 
60 years old and over were more likely to select the 
box than consumers in other income or age groups. 

Although a major share of the consumer market in 
this instance would go to the cereal packaged in the 
box, there remains a necessity for differentiating the 
market between the economy-minded and the con® 
venience-minded. 

Another economy-convenience dichotomy can be 
illustrated by the selection of brands of non-fat dry 
milk. Obviously, there are both economy and con- 
venience pulls in selecting non-fat dry milk compared 
to other kinds of milk. However, in this case, economy 
is a strong reason for selecting the product. Once the 
decision has been made to use the product, the decision 
within the product group (among the brands avail- 
able) is not necessarily made on an economic basis. 
The Harrisburg consumer group was confronted with 
six brands of non-fat dry milk available in Harris- 
burg stores: 3 nationally advertised brands, 2 pri- 
vate brands, and 1 non-private brand not widely ad- 
vertised. The recommended quart equivalent of the 
manufacturer and the total price for each package 
of milk were given with the picture of each brand. 
Only consumers who reported using non-fat dry milk 
were asked to make a choice. 

At the time of the study the range among brands in 


Fruit 
flavored 
emulsions 


ORANGE LEMON 
PINEAPPLE LIME 
PINEAPPLE-GRAPEFRUIT 


PINEAPPLE-ORANGE 
CHERRY 


| witchell’s Flavored Emulsions are espe- 
cially designed to meet the exacting 


requirements of food processors. 


Twitchell emulsions enhance the natural 
flavor and aroma of juices, contribute to 
stability, yet actually reduce costs in propor- 
tion to their quantitative amounts. Aroma and 
flavor . . . so important for customer appeal 

. are maintained, even after processing. 


TYPICAL USES: 
Fruit Fillings Toppings Icings 
¢ Purees @ Juices ® Beverages ® Cremes 
Syrups Fondants 


WRITE OR WIRE TODAY FOR SAMPLES 
OR FURTHER TECHNICAL INFORMATION 
ON OTHER FRUIT FLAVORED EMULSIONS 
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Wily BOOKS 


LIPIDE 
METABOLISM 


Edited by Konrap Biocn 
Harvard University 


Summarizes current knowledge of the 
intermediary metabolism of the lipides 
... biosynthesis and degradation of the 
fatty acids, of triglycerides, phospholip- 
ides, sterols and bile acids, and with the 
enzymes which participate in lipide me- 
tabolism. Included are chapters on the 
chemistry and immunochemistry of bac- 
terial lipides, and on hormonal and other 
mechanisms which control the transfor- 
mation of lipides. With D. J. Hanahan’s 
Lipide Chemistry this book completes a 
two-volume set covering the principles 
and concepts of the lipides. 1960. 411 
pages. $10.50 


CHEMISTRY OF 


THE AMINO ACIDS 


By Jesse P. Greenstein anp Minton 
Wrntrz, both of National Cancer 
Institute, U.S. Dept. of Health, 

Education and Welfare 


The first work in any language to cover 
the entire chemistry of the amino acids— 
both theoretical and applied. Carefully 
surveying all available literature, this 
book also contains the findings of the 
authors’ own research. Plus hundreds 
of tables and figures (ineluding infra red 
spectra), physical and chemical proper- 
ties of compounds, and a great number 
of preparative and analytical proce- 
dures. Jan. 1961. Three volumes boxed 
(not sold separately). About 3000 pages. 
$100.00 the set 


Send now for on-approval copies 


JOHN WILEY & SONS, Inc. 


440 Park Ave. South, New York 16, N.Y. 


cost per quart was 614-9 cents. About 45 of the inter- 
viewees selected the brand that cost about 81 cents a 
quart. The brand with the lowest cost per quart was 
selected by about ' of the consumers. The rationali- 
zation for selection of this brand, low cost, was the 
only one of the group in which economy was given as 
the major reason for selection. The one brand in 
which convenience stood out as a selection reason was 
sold in a package containing 10 one-quart-size en- 
velopes. The major reason given for selecting this 
brand was convenience of measuring. However, the 
brand preferred by the majority was one of the two 
brands that at that time featured instant reconstitu- 
tion. In addition to instant reconstitution, the most 
preferred brand had a pour spout on the package. 
Specific convenience factors such as easier to measure, 
easier to get from container, and easier to mix were 
given for selection of this brand. But a majority of 
the consumers gave as their first reason for selecting 
any of the nationally advertised brands, ‘‘ We prefer 
brand.’’ 

Apparently, an important factor in determining 
whether a particular selection will be made is the con- 
sumer’s belief in her ability to make the right de- 
cision. About two-thirds of those interviewed re- 
ported that they generally buy apples loose. A simi- 
lar proportion indicated they bought potatoes already 
packaged. The most important reasons for buying 
either apples or potatoes packaged were: ‘‘saves time 
in the store,’’ and ‘‘easy to handle.’’ For those who 
generally bought potatoes or apples loose, the most 
important reasons given were: ‘‘we prefer to make 
our own selection,’’ or ‘‘we get better-quality prod- 
ucts that way.’’ Nearly one-fifth of the consumers 
indicated that they purchased apples or potatoes 
either loose or packaged because there was no alter- 
native at the place where they generally bought the 
product. 

Two important points appear to be brought out by 
these differences in preferences. One is that the con- 
sumers believed that there were enough differences in 
product attributes that they could afford to take more 
time in selecting apples than in selecting potatoes. 
The other is the possibility of increasing sales by 
differentiating products by packaging. 

The latter point has been substantiated in many 
experimentally designed store studies. For example, 
Smith (1955) reported that the addition to the bulk 
display of packaged apples in 3-lb or 5-lb units in- 
creased sales significantly over bulk apples alone. 

The addition of variable sizes of packages of apples 
to the bulk display also inereased sales more than the 
addition of 5-lb packages only. 

In some instances, there may be a conflict between 
a functional value like convenience and a value like 
self-esteem. One of the important satisfactions in 
homemaking is the self-esteem derived from creativity. 
This creativity may be an important part of meal 
preparation and serving. A major factor in the de- 
cision of cake mix manufacturers to use no eggs in 
most cake mixes was the notion that breaking the egg 
into the mix adds a feeling of creativity, thereby in- 
creasing the homemaker’s self-esteem. About one- 
fourth of the interviewees in the present study indi- 


(Continued on page 17 following technical section ) 
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flavor Webb 


Rich, ripe pineapple is one of the superb synthetic flavors perfected by Webb. It is 
available in several liquid versions and in spray-dried form to suit all applications. For 
samples and usage information to meet your specific requirements, please call or write 
Webb. Food flavor specialists for over 50 years. 


R. D. WEBB @€@&co., INC. 


STIMPSON AVENUE AND STILES STREET, LINDEN, NEW JERSEY 
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Where Progress Keeps 
Ahead of Tomorrow 


MORE NEW PRODUCTS 
New approaches, procedures, formulations, and 
packaging improvements. 


MORE AUTOMATION 
Expanded engineering staff for plant and farm 
automation and CIP cleaning. 


MORE FARM SERVICES 


Enlarged division for pipeline milker and bulk 
tank quality clinics and cleaning demonstrations. 


MORE CULTURE SERVICES 


Extended line of cultures, products, related equip- 
ment, in-plant problem assistance. 


MORE EQUIPMENT 
Wider range for plant and farm automation, spray 
sanitizing, acidified rinsing, proportional feeding. 


MORE RESEARCH 


Added facilities for product development, basic 
research, materials testing, trouble-shooting. 


MORE MANPOWER 
Ever-broadening field representation, sales-serv- 
ice, and technical assistance. 


KLENZADE PRODUCTS, INC. 


Systematized Sanitation All Over the Nation 


DEPT. 22A BELOIT, WISCONSIN 
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Foop Cuemistry. Lillian H. Meyer. xiv—385 pages. 
Reinhold Publishing Corp., College Textbook Depart- 
ment, 430 Park Avenue, New York. 1960. College ed. 
$6.75. Trade ed. $8.10. 

The problem: how does an author integrate the 
sciences of biology, bacteriology, mycology, chemistry, 
chemical engineering, and physies into one cohesive 
whole and then proceed to write a short text book on 
food chemistry making use of this vast amount of 
knowledge? Professor Meyer has tackled this prob- 
lem in her book and carried it off rather well. She has 
managed to keep the contents to a comfortable 350 
pages of text and the publishers have been able to keep 
the price within reason so that the average under- 
graduate can buy the book without wineing. 

The text begins with a short historical summary of 
food chemistry and its development. There is a 
rather extensive chapter on fats and other lipids 
which includes a long discussion of the technology of 
individual fat products. There are chapters on carbo- 
hydrates, proteins in foods, flavor and aroma of foods, 
meat and meat products, vegetables and fruits, milk 
and milk products, cereals, and a supplemental chap- 
ter on There 
appendix which lists permitted additives as of Janu- 
ary, 1960. 

The primary emphasis of the book is on the com- 


food additives, is also a convenient 


position of foods and the changes that occur when 
they are subjected to processing. Professor Meyer has 
had to choose the difficult path of selecting material 
and supposing that the student reader has had suffi- 
cient background to understand most of the textual 
matter. She has managed to tight-rope this difficult 
line well. Food Chemistry contains a great many fine 
illustrations and a large number of tables which are 
illustrative of the textual material. In general the 
format is good. Unfortunately, there are several 
errors in the chemical formulas. For example, in the 
formation of glucosazone on page 101. 

One of the high spots in the text, to this reviewer's 
way of thinking, is the author’s neat and pungent 
discussion of the use of nuclear magnetic resonance in 
the determination of moisture in food samples. One of 
the low spots appears on page 161 in which the author 
discusses her personal preference for the use of mono- 
sodium glutamate. Is the student really interested in 
whether monosodium glutamate is highly objection- 
able to Professor Meyer ? 

In general, the author has done a splendid job in 
providing the undergraduate with a well organized, 
descriptive text book of food chemistry. 


Ricuarp A. BERNHARD 
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No splash... 
No spill... 
No overfill! 


CLAM SAUCE 


coll Versatile Flocron dispenser 
, | ends costly ingredient loss 
for 63 different products ! 


ee SEALS ; Companies who pack, process or can every- 
thing from apple sauce and pickled beets to 
chicken soup and canned meats report sub- 
stantial ingredient savings since using the 
new Flocron liquid dispenser. For the amazing 
Flocron avoids waste inherent in ‘‘overflow 
fill'’ systems, stops ‘‘splash loss'' and dis- 
penses more than forty different ingredients 
with speed and pin-point accuracy that saves 
money. 

The versatile Flocron is actually a precise 
electronic system with photoelectric circuits 
in a sealed unit and a new lever-type photo 
switch to activate dispensing. It assures ac- 
curacy, even on lines handling up to 300 units 
per minute! Remote electronic controls per- 
r.it you to ‘‘dial"’ the exact amount of liquid 
required for varying can sizes. 


CHICKEN 


CHERRIES: 


JUICE 


OveTen Designed for efficient, low cost operation. 


i 2 The Flocron is made of stainless steel and 
PEACHES plastic and is constructed to avoid corrosion 
and lengthy breakdowns that result in costly 
downtime. There are no valves to stick or 
clog, and the Flocron is easily cleaned by 
circulating a detergent solution through the 
fluid system and following this operation 
with a sanitizer 


No need to revise production lines. The 

5 a Flocron can be operated with existing equip- 

ment. Scientific Dispensing Company tech- 

nicians are available in all areas to assist with 
installation and service problems 


PICKLES, DILL 


Some of the liquids you can dispense with 

PRUNES a oe te the Flocron include: ascorbic acid, beef 

SARDINES gravy, brine, concentrated syrup, hot butter, 

Monosodium Glutamate, spice oils, sugar 
and brine, tomato puree and vinegar. 

For a complete list of ingredients the 

Flocron dispenses and for additional informa- 

tion about the Flocron itself write: 


Scientific Dispensing Company 
| Division of 


INDUSTRIAL DIVISION 


Dept. FT-! 
110 North Wacker Drive, 6, lilinois 
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Maple Sirup. XVII. 


Prevention of Mold and Yeast Growth in Maple 


Sirup by Chemical Inhibitors 


(Manuscript received July 9, 1960 


SUMMARY 


Growth inhibition of mold and yeast inocula in maple sirup 
was studied. Low levels of esters of para-hydroxybenzoie acid 
(PHBA) were found to be more effective than conventional mold 
inhibitors (proprionate, sorbate, benzoate). Sodium propyl 
PHBA at a concentration of less than 0.02% was inhibitory to 
the growth of four yeast and eight mold strains inocula in maple 
sirup. 


THE PROCESS of sirup making, 
sap is converted to sirup by lengthy heat evaporation 
to remove the required amount of water. The tempera- 
ture of the resulting sirup is about 217—220° F during 
the terminal stage of heating. All organisms initially 
present in the sap are destroyed during this heating 
process. However, when sirup is allowed to cool exces- 
sively before being packaged, contamination may 
enter from the air or from equipment. ‘‘Hot ecan- 
ning,’’ that is, packaging maple sirup while its tem- 
perature is near 200° F, has been recommended for 
preventing microbial growth (6, 7, 19). 

Microbial contaminants are introduced into sirup 
during packaging in the sugar house or during home 
use of small, commercial-size containers. Spoilage of 
maple sirup during storage of bulk stock or during 
consumer use of smaller containers is eaused primarily 
by mold growth and, less frequently, by yeasts (5, 7, 
8). The high osmotic pressure of standard density 
maple sirup prevents bacterial spoilage. However, a 
few molds and yeasts can survive but will not grow 
except where the sirup becomes diluted. 

Sirups in bulk containers or in small packages 
usually have a free head space above the sirup. Stored 
sirup is usually subjected to slight changes in tem- 
peratures. During the warm cycle, moisture from the 
sirup distills into the head space, and this moisture 
condenses out as free droplets of water during the cold 
cycle. These droplets eventually collect on the sirup 
surface and dilute it. 

Use of chemical inhibitors for the preservation of 
foods is a practice of long standing. In the United 
States those commonly used are: sorbate, propionate 
and benzoate. Recently, the esters of para-hydroxy 
benzoate (PHBA) have been recommended (2, 13). 
These esters have been employed for a number of years 
in cosmetics and pharmaceutical preparations (4, 11, 
12, 16) and in foods in several European countries 
(9, 11, 16). 


"Eastern Utilization Research and Development Division, 
Agricutural Research Service, United States Department of 
Agriculture. 


H. A. Frank and C. O. Willits 


Eastern Regional Research Laboratory", 
Philadelphia 18, Pennsylvania 


PHBA esters are quite soluble in aqueous and or- 
ganic media (2) making them applicable to a wide 
variety of foods. Sokol (18) has reported that effee- 
tiveness of PHBA esters decreases as the length of the 
chain of the alkyl ester increases. Several investi- 
gators (2, 14, 15, 16) have reported that mixtures of 
the esters enhance their preservative effect, which has 
been termed by Littlejohn and Husa (11) a poten- 
tizing action. Because of their effective inhibition of 
molds, yeasts and bacteria, at low concentrations, their 
low toxicity (4, 10, 13, 18), and their lack of flavor, 
odor and color (2, 4) the esters of PHBA have been 
called the ideal preservative (18). 

The purpose of this study was to investigate the 
effectiveness of chemical inhibitors, especially the 
PHBA esters, for preventing mold and yeast growth 
in pure maple sirup. 


MATERIALS AND METHODS 


Organisms. The mold and yeast strains used in this study 
are shown in Table 1. Stock cultures were maintained on the 
modified dextrose agar medium of Sheneman and Costilow (17). 

Inocula. Plates of dextrose agar medium were seeded with 
suspensions of the test organisms and incubated at 80° F. Yeast 
cells were harvested after one week of ineubation; the mold 
strains were harvested after two weeks. Surface growth was 
removed by gently flushing with distilled water and seraping 
lightly with a stainless steel rod. Cell concentrations in stock 


TABLE 1 
Organisms employed in study of maple sirup spoilage 


Organism Strain Source and/or dono: 


Molds 
Aspergillus flavus roy ; T. C. Cordon, Hide and Leather 
culture collection, EURDD 
», Maple Investigations 
ture collection, EURDD 
Fusarium oxysporum T. C. Cordon 
Fusarium sp. FBM-16 ple sap, R. N. Costilow, 
ichigan State University 
Mucor sp NG-12 T Cordon 
Mucor sp. OZ-48 
Penicillium oxralicum | Pen. ox 
Penicillium sp. NG-1 
Penicillium sp. NG-2 7:7 Cordon 
Rhizopus oryzae NRRL-395 |" Cordon 
Rhizopus oryzae NRRL-2004 |" Oordon 
Rhizopus sp. MX-82 T 
Yeasts: 
Oryptococcus albidus | 496 


Aspergillus niger 


Maple sirup, Maple Investigations 
culture collection, EURDD 
Maple sap, R. N. Costilow 
Maple sap, R, N. Costilow 
Maple sirup, Maple Investigations 
ulture collection, EURDD 
Maple sirup, Maple Investigations 
} culture collection, EURDD 
| Maple sirup, Maple Investigations 
| culture collection, EURDD 
| Maple sirup, Maple Investigations 
| culture collection, EURDD 


Oryptococcus sp. FBY-62 
Rhodotorula glutinis | FBY-56 
Unclassified 5Y 
Unclassified TY-2 
Unclassified Y-1000 


Unclassified Y-1049 
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suspensions were estimated by conventional dilution and plating 
methods, using dextrose agar. Inocula containing desired num- 
bers of cells were obtained by diluting the stock suspensions. 

Inoculation of maple sirup. Appropriate amounts of the in- 
hibitors were added, either directly or as small aliquots (1 ml or 
less) from stock solutions, to sterile four-ounce screw-cap bot- 
tles. U. S. Faney grade pure maple sirup was heated to about 
200° F and immediately added, in 100 ml aliquots, to the bottles 
containing the inhibitors. The caps were tightened, and the 
bottles allowed to remain undisturbed at room temperature for 
about one week to accomplish surface dilution (19). Bottles 
were then inoculated with small aliquots (1 ml or less) of 
appropriate dilutions of stock suspensions of the yeast and mold 
strains. By running the liquid slowly down the inner neck of 
the bottle, inocula were run on the surface ‘‘layer’’ of the 
sirup. Caps were screwed tightly in place and all bottles ineu- 
bated at 80° F for at least 2 months. The viability of each 
dilution of the suspensions was tested by inoculating untreated 
sirups and checking for growth. 

Inhibitors.” Sodium benzoate, sodium propionate,’ po 
tassium sorbate,” methyl para-hydroxybenzoate (PHBA),‘ so- 
dium methyl PHBA," propy! PHBA," and sodium propyl! 
PHBA.‘ 

Estimation of inhibitory effect. Inhibition was evaluated 
by comparing the growth (or lack of it) on treated sirups with 
growth of the same organism on untreated (control) sirups. 
Where no growth was observed on the control sirup, no evalua- 
tion could be made of the inhibitor against the strain tested. 
Mold growth in the inoculated sirups was examined macrosecopi- 
eally. The presence of diserete colonies or of a surface mat by 
the end of the ineubation period denoted a lack of inhibition. 
Yeast growth in the inoculated sirups was evaluated by streak- 
ing a small aliquot (about 0.2 ml) on surfaces of dextrose agar 
in petri plates. The appearance of at least 3 typical yeast 
colonies after one week of incubation was taken as the criterion 
for lack of inhibition. Inhibition is expressed (Tables 2,.3, and 
4) as the lowest concentration of inhibitor preventing growth 
in 100 ml of inoculated maple sirup. 

Estimation of flavor change in inhibitor-treated sirups. 
Flavors of inhibitor-treated sirups were compared with un- 
treated (control) sirups and evaluated by a trained, five-member 
taste panel. 


RESULTS 


Preliminary sereening of common mold inhibitors was made 
using potassium sorbate, sodium benzoate, and sodium pro 
pionate. Inocula of 130 cells of Aspergillus niger, strain 2270, 
were placed in bottles with 100 ml of sterile maple sirup con- 
taining 10, 20, 40, 60, 80, 100, 125, 150, 175, and 200 mg of 
inhibitor, respectively. Since growth was observed, after 
weeks of incubation, in all inhibitor-treated sirups, a smaller 
inoculum containing only 13 cells was used in a seeond deter 
mination. Again, no inhibition was observed, even in sirup con- 
taining 200 mg of inhibitor per 100 ml. 

The methyl and propy! esters of PHBA, as well as the sodium 
salts of these esters, were then tested as inhibitors of A. niger, 
strain 2270. The results observed after incubation for 69 days 
are shown in Table 2. While methyl PHBA inhibited growth 
of A. niger, propy! PHBA was inhibitory at the lowest level 
tested, 3.33 ing per 100 ml of sirup. 

Since propyl PHBA was more effective than methyl PHBA 
as a mold inhibitor, further studies were carried out against 4 
concentrations of A. niger using concentrations of 0.33, 1.67, 
3.33, and 16.7 mg of propyl PHBA and sodium propyl PHBA 
per 100 ml of sirup. The results of this study, observed after 

» Mention of the names of companies supplying the inhibitors 
mentioned herein does not imply U. 8. Department of Agricul- 
ture endorsement of their products over those of companies not 
named. 

© Eastman Organic Chemicals, Rochester, New York. 

“Nutritional Biochemicals Corporation, Cleveland, Ohio. 

* Union Carbide Chemicals Company, New York, New York. 

‘Chemo Puro Manufacturing Corporation, Newark, New 


Jersey. 


FOOD TECHNOLOGY, JANUARY, 1961 


incubation for 61 days, are shown in Table 3. The antifungal 
effectiveness of propyl! PHBA and sodium propyl PHBA is 
apparent from the inhibition by low concentrations against 
heavy inocula. The sodium salt is slightly less effeetive than 
the acid form. 


TABLE 2 


Inhibition of growth of Aspergillus niger, strain 2270, in 
100 ml of maple sirup containing esters of para-hydroxy- 
benzoic acid (PHBA) 


| Lowest concentration of ester 


Inoculum inhibiting growth, mg 
Inhibitor —— 
20 cells | 200 cells 
16.7 25 
Sodium methy! PHBA 25 66 
Sodium propyl PHBA....................... 3.33 3.33 


Because of the ease of solubility of sodium propyl PHBA 
(2, 4), it was used in subsequent experiments with other mold 
and yeast strains. Three levels of inocula (20, 200, and 2000 
cells per bottle) were tested against four concentrations (0.33, 
1.67, 3.33, and 16.7 mg) of sodium propyl PHBA per 100 ml of 
sirup. The test organisms included a variety of mold and yeast 
strains, several of which had been isolated from maple sap and 
sirup (Table 1). The effectiveness of sodium propyl PHBA as 
«a growth inhibitor can be seen from the results (Table 4). 


TABLE 3 
Inhibition of growth of Aspergillus niger, strain 2270, in 
100 ml of maple sirup containing propyl para-hydroxybenzoic 
acid (PHPA) and sodium propyl PHBA 


Lowest concentration of ester 
inhibiting growth, mg 
Inoculum, cells one 

Propyl PHBA | Sedizm propyl 


3.33 16.7 
200 3.33 3.33 
20 1.67 3.33 
2 1.67 1.67 


Since 4 of 11 mold strains tested did not grow in untreated 
(control) sirups, they are not included in Table 4. These strains 
are R-56, FBM-16, CZ-48, and NG-2. Likewise, the following 
yeast strains did not grow in untreated (control) maple sirup 
and therefore are not shown in Table 4: FBY-62, FBY-56, and 
Y-1049. 

The taste panel was unable to detect any flavor differences 
among samples of maple sirup either devoid of or containing the 
levels of sodium propyl PHBA employed in this investigation. 


DISCUSSION 


The yeasts and molds selected for this study con- 
sisted of isolates from maple sap and sirup, including 
some known to tolerate the osmotic pressure of stand- 
ard density maple sirup. Also, other strains whose 
growth characteristics in maple sirup were not known 
were included to give a broader spectrum of represen- 
tatives from these two groups of organisms. Data in 
Table 4 include only those strains which showed 
growth in the control (untreated) sirup since it is im- 
possible to evaluate the effect of the inhibitor on those 
strains which did not grow. Several concentrations of 
inocula and inhibitors were tested to compare the 
effectiveness of the different inhibitors under various 
conditions. 

Preliminary experiments showed that the PHBA 
esters, commonly called ‘‘parasepts’’ or ‘‘parabens’’ 
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TABLE 4 


Inhibition of mold and yeast growth in 100 ml of maple sirup 
containing sodium propyl para-hydroxybenzoic acid 


Lowest concentration inhibiting 
Inoculum growth, mg 


Organism 
20 cells | 200 cells | 2000 cells 


Molds: 
Aspergillus flavus, 3.33 | 16 
3.33 
Penicillium oxalicum, Pen. ox oad 1.67 
Penicillium sp., NG ica 3.33 
Rhizopus oryzae, NRRL-395... oes 16.7 
Rhizopus oryzae, NRRL-2004........... 3.32 
Rhizopus sp.. MX-82 16.7 
Yeasts 
Cryptococcus albidus, 496 
Unclassified, 5Y......... 
Unclassified, TY-2... 
Unclassified, 


(13), were superior to salts of sorbate, benzoate, and 
propionate as mold inhibitors in maple sirup. There- 
fore, the latter more commonly-used food preserva- 
tives were not included in subsequent experiments. 

Propyl PHBA was found to be a more effective mold 
inhibitor than methyl PHBA (Table 2), substan- 
tiating the findings of Mathews et al (13) who re- 
ported that the necessary effective concentration of 
PHBA esters decreased with chain length of the alkyl 
ester. 

The acid form of propyl and methyl PHBA (Tables 
2 and 3) is effective at lower concentrations than the 
respective sodium salts of these esters. Nevertheless, 
in subsequent studies involving a variety of mold and 
yeast strains, the sodium salt of propyl PHBA was 
employed since its solubility in maple sirup was 
greater than the acid form. 

The effectiveness of sodium propyl PHBA against 
several concentrations of the various mold and yeast 
strains is shown in Tables 3 and 4. In most cases, as 
the size of the inoculum was increased the inhibitory 
concentration required also was increased. None of 
the inocula, even at a level of 2000 cells per 100 ml, 
was able to grow in the presence of 16.7 mg (less than 
0.02% ) of sodium propyl PHBA. Since a contamina- 
tion of 2000 cells per 100 ml of maple sirup is quite 
unlikely, it would appear that a concentration of 
0.02% sodium propyl PHBA would be effective in con- 
trolling mold and yeast growth in maple sirup during 
ordinary handling (packaging, storage, and consump- 
tion). The lack of taste at this concentration would 
not interfere with the delicate maple flavor. 
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Increasing Cooling Rates Through 
Thermal Radiation° 


(Manscript received April 1, 1960) 


SUMMARY 


From theoretical considerations it has been shown that a 
material enclosed in a dark non-reflective container will cool 
more rapidly than one enclosed in a refleetive container. 

Experimentally, under certain specified conditions, it has 
been demonstrated that the cooling time for material in black, 
non-reflective containers is 20 to 250% less than the cooling 
time for material in reflective containers. 

Therefore, it may be concluded that a dark, non-reflective 
covering around a product should substantially decrease the 
cooling time in conventional air coolers. 


Ix THE COOLING and freezing of 
foods by conventional means, little advantage is taken 
of the effect of thermal radiation. It is theoretically 
possible to increase the heat transfer coefficient in air 
coolers from 20 to 80% by packaging the material to 
be frozen in a non-reflective dark wrap and using a 
freeezer with walls painted a non-reflective black. 
When a material is wrapped in a dark non-reflective 
color, it radiates heat to the freezer walls. The walis 
absorb this heat if they are also dark and non- 
reflective. The heat is in turn removed from the walls 
by the cold air in contact with them. The freezer walls 
also radiate heat if they are black, but this radiated 
heat is the same temperature as that of the cold wall. 

If the freezer walls are of a highly polished reflec- 
tive nature, they simply reflect the heat from the 
product, rather than re-radiate absorbed heat. When 
heat is reflected from the walls, it remains at the tem- 
perature of the incoming radiation rather than the 
temperature of the wall. Some of this reflected heat 
will be intercepted by the product and reabsorbed. If 
the room is very large and the produet relatively small, 
only a small fraction of the reflected heat will be inter- 
cepted by the product. Thus, under such conditions, 
there is an advantage in employing a dark packaging 
material even though the freezer walls are highly 
polished. 

Of course, in a situation in which the freezer is 
nearly filled with material, there would be little ad- 
vantage in using reflective walls, even though the 
packaging material is dark, since nearly all the radi- 
ation reflected from the walls is intercepted by the 
material. 


THEORETICAL CONSIDERATIONS 


It is possibie to demonstrate mathematically the 
effect of radiation by considering the rate of heat 
transfer through radiation. In the situation where one 
body is completely surrounded by a second body, e.g., 
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the product (Body 1) enclosed in a freezer (Body 2), 
the rate of heat transfer through radiation is ex- 
pressed according to Brown (1) by 


qi. 2 = A, o (e;T;* — a, 2T2*) (1) 


= the net rate of heat transfer from Body 1 
to Body 2 (Btu/hr) 

= radiating surface area of Body 1 
Stefan-Boltzmann constant, 


12 — 


= emissivity of Body 1 at temperature T, 


absorptivity of Body 1= emissivity of 
Body 1 evaluated at temperature Ty, 


T;, Tz = absolute temperature of Body 1 and Body 
2 respectively, °R 


In the case in which Body 1 is a non-reflective black, 
both the absorptivity and emissivity are unity. If 
Body 1 were a gray body, their absorptivity and emis- 
sivity would be equal to each other but not equal to 
unity. 

If one considers a small reflective metal container 
which is being cooled by natural convection in a rela- 
tively large freezing room, the rate of heat transfer in 
Btu/hr at any time from the container may be ex- 
pressed by : 

q =h,A, (T; — T,) (2) 
where : 
= rate of heat transfer from the container 


(Btu/hr) 
A, = area of the container (sq ft) 


T,, T; = temperature of the surrounding air and 
temperature of container, respectively, at 
any time (°F) 


h, = heat transfer coefficient for air 
(hr) (sq ft) (°F) 

An expression commonly used for calculating the 
heat transfer coefficient for air in natural convection 
surrounding cylinders according to Brown (2) is 

Ta — Btu 
= 0.27 a) 
D (hr) (sq ft) (°F) 


(3) 


where: 
D = diameter of the container (ft) 
If a container with an initial temperature of 70° F 
has a diameter, ‘‘D,’’ of 0.224 ft and the temperature 
of the freezing room is 0° F, then initially 
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INCREASING COOLING RATES THROUGH THERMAL RADIATION 


Btu 
1.14 — —, 
(hr) (sq ft) (°F) 
When the surface temperature of the contaimer has 
Btu 
dropped to 32° F, then h, = 0.92 —— —— —, 
(hr) (sq ft) (° F) 
Thus, between surface temperatures of 70° F and 
Btu 
32° F the average h. value is 1.03 — —, 
(hr) (sq ft) (°F) 


Since the average temperaure between 70° F and 
32° F is 51° F, the average rate of heat transfer per 
unit area due to convection is: 


Btu 
== (51 — =) 
A 


(hr ( sq ft) 


If the container were painted black, heat transfer 
due to radiation (in addition to the heat transfer 
through convection) occurs. 

The heat transfer coefficient due to radiation, h,, 
may be determined by equating equations (1) and (2) 
for black bodies (see reference 1). This results in, 


4 
hy ( 

= heat transfer coefficient due to radiation 


Btu 


(hr) (sq ft) (°F) 


where: 


= absolute temperature of container surface 
and freezer walls, respectively (°R) 

Equation (4) assumes Body 1 and Body 2 are both 
black. (If the freezing room is very large compared 
to the container, it behaves as if the walls were black. ) 

When the container surface is at 70° F, 

Btu 
h, = 0.876 
(hr) (sq ft) (°F) 
When the surface is at 32° F, 


Btu 
h. = 0.765 — ‘ 
(hr) (sq ft) (°F) 


The average h, for these two surface temperatures 


Btu 


is 0.82 - ——-——, 
(hr) (sq ft) (°F) 


TABLE 


if one considers both convection and radiation, the 
average rate of heat transfer for a black surface be- 
tween surface temperatures of 70° F and 32° F and 
an ambient temperature of 0° F, is: 


q Btu 
(0.82 + 1.08) (51 — 0) = 94 ———_, 
ir) (sq Tt) 


Btu 
(hr) (sq ft) 


Compared with the 51 which results 


Btu 


from convection cooling alone, the 94 — -——— 
(hr) (sq ft) 


indicates an inerease of 85% in the average heat 
transfer rate from the black surface as compared to 
the reflective surface. 

It should be kept in mind that this average increase 
in cooling rate has been determined for the surface of 
the container. The effect on the interior portions of 
the container would not be as great since conduction 
of heat from the interior to the surface would reduce 
the heat transfer rate. 


EXPERIMENTAL STUDIES 


The effect of heat transfer through radiation dur- 
ing cooling was determined experimentally by com- 
paring the length of time required to cool the centers 
of black containers and reflective containers under 
similar conditions. 

The reflective containers used were standard No 1 
Pienie Cans, and the black containers used were 
No 1 Pienie Cans painted with a flat black paint. The 
cooling rates for water and concentrated orange juice 
were determined in these standard reflective and 
black-painted containers under various conditions. 

The experimental cooling chambers used were the 
freezing compartment of a household refrigerator and 
a commercial freezing room. Natural convection pre- 
vailed in the freezing compartment of the refrigerator, 
while the commercial freezing room contained a fan. 
In neither case were the walls of the coolers painted 
black. The experimental data in Table 1 show that 
in all instances the time required to cool the center of 
the black container was 20 to 25% less than the time 
required to cool the center of the reflective container. 
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Comparison of cooling times in reflective and black containers 


Can condition Material Type of cooler 


Black Water 
Reflective Water 
Black Water 
Reflective Water 
Black Water 
Reflective Water 
Black Cone orange juice 
Reflective Cone orange juice 


Commercial 
Commercial 
Commercial 
Commercial 
Commercial 
Commercial 


Household refrigerator freezer 
Household refrigerator freezer 


Time to cool 

Final temp center to final 
F temp 
(min) 


Freezer temp Initial temp 
F F 
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A Method for Mathematically Evaluating the 


Significance of Small Changes in the 


Phosphatase Activity of Milk 


SUMMARY 


This paper introduces a different method of interpreting the 
phosphatase test. Milk samples were tested for phosphatase con- 
tent using the method of Sanders and Sager. The color intensity 
readings obtained from these tests were interpreted in two 
ways: the conventional standard phenol curve, and a statistical 
procedure called a ‘‘biologieal assay’’ technique. The latter 
technique had more precision than the conventional one and 
could be quite useful as a research tool. 


of the phosphatase 
enzyme in pasteurized milk (2, 4, 8, 9) has raised some 
questions about the interpretation of phosphatase test 
data. This reactivation, or increased phosphatase ac- 
tivity, most often occurred when the milk had been 
heated to temperatures higher than those used for 
commercial! pasteurization. 

Occasionally milk plants in Oklahoma have reported 
phosphatase positive samples from milk that had 
originally been pasteurized at 161° F (71.67° C) and 
was phosphatase negative immediately after pasteuri- 
zation (7). The objective of this study was to measure 
the changes in phosphatase activity which oceurred 
during incubation when milk had been heated at tem- 
peratures similar to those used in commercial 
pasteurization. 

Preliminary studies (6) indicated that only small 
changes in phosphatase activity occurred when milk 
was heated at 62.5° C (144.5° F) or 66.9° C (152.4°F). 
Thus, a statistical method of evaluating the data was 
necessary to detect these changes. A ‘‘biological 
assay’’ technique, termed a ‘‘validity check’’ pro- 
cedure (3), was found suitable. The purpose of this 
paper is to demonstrate the usefulness of this statisti- 
eal method as a research tool when applied to phospha- 
taste data and to compare the results obtained with 
those collected by the customary method of inter- 
preting phosphatase data. 


EXPERIMENTAL METHODS AND RESULTS 


Duplicate samples of mixed herd milk were heated to either 
62.5° C (144.5° F) or 66.9°C (152.4° F). One duplicate was 
tested for phosphatase activity immediately after heating and 
the other was tested after 24 hr incubation at 32.2° C (90° F). 

Fourteen ml aliquots of milk were pipetted into 16 x 150 mm 
glass test tubes. The tubes were then sealed in flame. The sam- 
ples were heated in an oil bath, which had been previously 
adjusted either to 62.5° C or 76.7°C + 0.1°C. Ten min were 


required to raise the temperature of the milk in the 62.5° C bath 
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from 40° C to 62.5° C. It was held at 62.5° C for 12.5 min and 
then cooled to 40° C in 30 see. Two min were required to heat 
the milk in the 76.7° C bath from 40° C to 66.9° C. No holding 
time was involved in this heat treatment, and the milk was then 
cooled to 40° C in 30 see. 

After heating under either of these sets of conditions the 
milk had a phosphatase activity of 2.5 to 5.4 y phenol/ml of 
milk. Since 4 y phenol/ml is the maximum acceptable pasteuri- 
zation value for milk (1), the samples were considered to be 
sufficiently heated. 

The Sanders and Sager phosphatase test (1) was used for all 
the samples in this work and the intensities of the colors ob- 
tained from these tests were measured with a Fisher Neflurome- 
ter at 610 mme. 

Color intensities were converted into phenol units by two 
different methods. The first involved the use of a single 
standard curve calculated from data obtained by testing phenol 
solutions of known concentration. The second was a statistical 
procedure called a ‘‘ biological assay’’ technique. 

The standard curve technique is outlined in Standard 
Methods for the Examination of Dairy Products (1). This 
standard curve was obtained by fitting a straight line to the 
data obtained by testing phenol solutions of known concentra- 
tion. The equation of the line for this work was: 

Y = 3.72X + 0.70 
where 
Y = color intensity as absorbance, and 
X phenol/ml. 


The phosphatase activity of each milk sample was determined 
by substituting the color intensity obtained for Y in the above 
equation and solving for phosphatase activity (X). The data 
obtained by using this equation are shown in Table 1. Using 
this method, 9 of the 14 samples increased in phosphatase 
activity after 24 hr incubation. The average increase was 0.49 + 
but this increase was not statistically significant at the 5% 
level of probability. 

The statistical calculations used in the second method were 
patterned after the ‘‘ biological assay’’ technique deseribed by 
Finney (3). In order to apply this method, it was necessary to 


TABLE 1 


Phosphatase activity of milk heated to 62.5°C or 66.9°C 
before and after 24 hour incubation 


(Evaluated with a standard phenol curve) 


Hours incubation 


Heating Sample Change after 
temperature number 0 24 24 hours 
phenol/ml phenol/mil 7 phenol / ml 
62.5 1 42 4.5 0.3 
2 5.2 5.0 —0.2 
3 3.3 4.2 0.9 
4 5.4 7.1 1.7 
5 4.6 4.5 —0.1 
6 2.9 2.7 —0.2 
66.9 11 4.4 5.5 1.1 
12 3.1 3.9 0.8 
13 5.3 4.0 —1.3 
14 2.8 3.5 0.7 
15 2.5 3.5 1.0 
16 3.3 5.5 2.2 
17 2.7 3.0 0.8 
18 2.8 2.5 —0.3 
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4 METHOD FOR PHOSPHATASE ACTIVITY IN MILK 


measure the color intensities produced by duplicate aliquots of 
0.0, 0.5, 1.0 and 2.0 ml, which were measured from each tube 
of heated milk. These aliquots were diluted to a final volume of 
2 ml with distilled water and then tested for phosphatase ac 
tivity using the Sanders and Sager method. A fresh phenol 
standard (10 y phenol/ml) was tested in the same manner along 
with each milk sample. 

To evaluate the data obtained, regression lines, representing 
color intensity vs concentration in ml, were calculated for each 
sample and its standard. The phosphatase activity of the milk 
sample was obtained by dividing the slope of the line represent 
ing the milk by the slope of the line representing the standard. 
These calenlations involved the solution of 6 simultaneous equa 
tions and could be done on a desk caleulator. Since many sam 
ples were analyzed in this work, an IBM 650 Speed Computer 
was used. Programs exist for this machine which could solve 
these equations in a few minutes (5). 

The results obtained when using the ‘‘ biological assay’’ 
technique are shown in Table 2. With this method 10 of the 14 
samples showed an increase in phosphatase activity after the 
24 hr ineubation period. The average increase was 0.89 y and 
this inerease was statistically significant at the 2.5% level of 
probability. 


DISCUSSION 


The main advantage of the statistical ‘‘ biological 
assay’’ technique was an increase in precision as com- 


TABLE 2 


Phosphatase activity of milk heated to 62.5°C or 66.9°C 
before and after 24 hour incubation 


(Evaluated by biological assay technique) 


Hours incubation 


Heating Sample Change after 
temperature number 0 24 24 hours 

Cc phenol /ml phenol/ml phenol /ml 

62.5 1 4.9 5.5 0.6 

2 4.4 5.1 0.7 

4.5 1.2 

4 4.7 7.1 2.4 

5.6 1.8 O.8 

6 14 

66.9 11 4.5 6.7 2.2 

12 1.3 4.3 1.0 

13 4.9 L.0 

14 2.1 3.7 1.6 

15 2.3 3.5 1.2 

16 5.4 2.0 

17 2.3 0.7 

18 2.8 2.7 -0.1 


pared to the standard curve procedure. The small 
inerease in phosphatase activity after 24 hr incuba- 
tion was uestionable when measured by the conven- 
tional method, but it became statistically significant 
when measured by the ‘‘ biological assay’’ technique. 


The precision of the standard curve technique was 
limited by the experimental errors inherent in deter- 
mining the curve and in testing the milk sample. 
These errors have frequently been ignored since they 
were difficult to caleulate. However, the experimental 
errors are easier to calculate when using the ‘‘ biologi- 
cal assay’’ technique. Thus it was possible to estimate 
how much of the change in phosphatase activity was 
due to variations in the milk and how much was caused 
by experimental error. 

The new technique also provided a quantitative 
method for checking the validity of each determina- 
tion on each milk sample and its standard. This evalu- 
ation did not depend on the judgment of the re- 
searcher but was a part of the mathematical caleula- 
tions involved in the technique. Thus, with this tech- 
nique it would be possible to compare the data of 
different technicians from the same or different labora- 
tories. Such comparisons were difficult, and often im- 
possible, when the conventional method of interpreting 
phosphatase data was employed. 
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Relationship Between Pork Leanness and 
Moisture Content 


(Manuscript received May 16, 1960 


SUMMARY 


The moisture contents of lean and adipose tissues of pork 
were studied. The relationship between moisture content and 
leanness of pork was established and expressed by the equation 

L=15M-— 115 
where L is the percent of lean and M is the percent of moisture. 

This equation may be applied for quantitative determination 

of lean in the meat industry. 


Quantrrative ESTIMATION of the 
relative proportions of lean and fat in meat is of great 
importance to the meat industry. The present paper 
deals with the quantitative determination of lean in 
pork, 

The concept of protoplasm suggests a substantially 
fixed composition of water and proteins in the fat- 
free animal tissues. This idea is supported by studies 
on animals (5, 7, 10, 11, 12) and even on human sub- 
jects (3). Accordingly, total water content of the 
animal tissues would allow one to estimate the lean 
content of these tissues. Evidence for the validity of 
such an assumption comes from direct chemical 
analysis of animal tissues. 

Murray (11) established the constancy in the com- 
position of the lean body mass. He found that lean 
pork, depending on the age and food of the animals, 
contains from 74.4% to 78.5% moisture. Behnke (3) 
reached the conclusion that fat-free body tissue is of 
constant composition containing approximately 80% 
water. Pace and Rathbun (/2) working with guinea 
pigs found that the water content of various tissues of 
the fat-free body is nearly constant; fresh muscle 
tissue contained 74.65 + 0.66% and adipose tissue 
10.25 + 5.97% water. Callow (4) in a review article 
indicated 77.0 + 0.5% as a highly probable water 
content of the fat-free fraction of pork, lamb, beef, 
and veal. 

There seems to be considerable confusion as to the 
meaning of the word ‘‘lean meat.’’ Nutritionally, 
lean meat is recognized as an excellent source of high- 
quality proteins (1, 8). Consumers, meat packers, and 
sausage makers call lean that part of meat where no 
visible fatty tissue may be observed. This definition 
seems to be sound from the standpoint of trade and 
nutrition and is adopted as the basis for lean determi- 
nation in this work. However, lean contains intra- 
muscular fat; 2.36% as indicated by Pace and Rath- 
bun (12), or from 1% to 2% according to Keys and 
Brozek (6). Therefore, the moisture values of the fat- 
free meat given in the previous paragraph are some- 
what higher than those of fresh meat. On the other 
hand, the fatty tissue contains proteins of connective 
tissue type (14) which are, of course, associated with 
water, This proteinaceous fraction is not ineluded in 
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‘‘lean meat’’ as defined above because connective 
tissue type proteins are of rather poor nutritive 
value (1). 

To devise fast and adequate methods for determin- 
ing the composition of meat has long been desirable. 
Anderson (2) suggested using potassium-40 counts as 
a non-destructive method of determining the amount 
of lean meat present in live animals, carcasses, and 
cuts of meat. Saffle and Bratzler (13) have derived a 
formula to use specific gravity to determine leanness. 
In some laboratories leanness is calculated from the 
formula: % lean = 100 — % fat — an estimated va. ue 
from 2 to 7 (depending on the amount of the adipose 
tissue) (9). The so-called ‘‘knife test’’ involves ecut- 
ting out the lean tissue from the adipose, and report- 
ing the percent by weight of the separated lean. 

Pace and Rathbun (12) demonstrated a linear rela- 
tionship between the water content and fat-free body 
weight. Consequently, the calculation of the lean 
content from the moisture content of meat should be 
possible. Such a caleulation involves the assumption 
that the average moisture contents for the 100% lean 
tissue and 0% lean tissue (pure adipose tissue) are 
fixed. The literature reviewed above seems to justify 
such an assumption. 

The object of this work was to determine the aver- 
age moisture contents of 100% and 0% lean pork and 
to correlate pork moisture content to lean content. 


EXPERIMENTAL PROCEDURE 


The general experimental procedure consisted of moisture 
determinations on samples taken from various locations on 
pork careasses. Samples were taken by the cork-borer plug 
technique. In each sample plug, slivers of pure red musele 
tissue were separated from pure white adipose tissue. The 
musele tissue was considered 100% lean, whereas the adipose 
tissue was considered 0% lean. Slivers, separated from the 
sample plugs, weighed approximately 2 g. Moisture was de- 
termined by drying to constant weight in the air oven at 105° C. 
Determinations were performed on pure red muscle samples 
from the ham, loin, shoulder, side, and neck of a carcass. Adi- 
pose tissue for the determinations came from mesenteric depots, 
back, shoulder, and sides. 

In all, 150 determinations were performed. When the water 
contents of pure lean and pure adipose tissues were determined, 
mixtures of the two tissues were prepared. Mixtures contained 
80%, 60%, 40%, and 20% lean. Moisture and analytical fat 
were determined on these samples by a special method (15). 


RESULTS AND DISCUSSION 


In Table 1, it is shown that the moisture content of 
pure lean muscle tissue was relatively constant. The 
standard deviation was 1.50%, or approximately 2% 
of the total moisture content. It must be emphasized 
that the moisture in lean was not determined on a fat- 
free basis, i.e., the intramuscular fat was included in 
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RELATIONSHIP BETWEEN PORK LEANNESS AND MOISTURE CONTENT 


TABLE 1 


Moisture content of pork muscle and adipose tissues (in 
percent) 


Standard 
deviation 


Mid-range | 


Muscle. £1.50 
Adipose... +1.73 


the caleulations. The standard deviation of 1.73% in 
the moisture content of the pure adipose tissue was 
large, approximately 20% of the total moisture con- 
tent. The mid-ranges and mean values were close to 
each other implying a normal distribution of data. 
When moisture content was plotted as the abscissa, 
per cent leanness as the ordinate, and a line was drawn 
between the average moisture contents of 0% and 
100% lean, the slope of the line was 1.48. Variation in 
the average moisture contents of 0% and 100% lean 
made the slope vary within the limits of 1.48 + 0.03. 
When the mean moisture contents were considered, 
the equation of the line between the two points was 
y = 1.48 x — 11.5. When the mid-range moisture con- 
tents were considered, the equation of the line between 
the two points was y = 1.50 x — 12.5. Figure 1 shows 


LEAN CONTENT 


20 40 60 80 
MOISTURE % 


Figure i. Relationship between pork leanness and .noisture 
content. 


the line drawn between 0% and 100% lean average 
moisture coordinates ; then the points, obtained in the 
moisture determinations of the premixed samples, 
were plotted. In plotting, the known lean composition 
of the premixed samples was used as the lean coordi- 
nate. It may be easily observed that a linear relation- 
ship between leanness and moisture content existed 
throughout the range of composition. The equation 
representing this curve is 
4= 148M — 11.5 (1 

where L is leanness in percent and M is moistyre in 
pereent. 


Table 2 presents the results of the above experi- 
ments. Column 2 of the table reports the composi- 
tion of the mixed samples. Column 3 shows lean 
derived from the use of Equation (1). Column 4 
shows the actual error and column 5 the error ex- 
pressed as pereentage of column 2. It is important to 
note that the error increased for lower values of lean. 
At 20% lean, it had increased beyond tolerable limits. 
This was undoubtedly due to the wide variation in the 
moisture content of adipose tissue. Moisture content 


TABLE 2 


Comparison of actual lean with lean derived from the lean 
equation on premixed samples (in percent) 


2 3 4 5 
Actual Lean from Per cent 


le 
—— lean equation error 


83.3 83.$ 0.6 0 
81.3 81.5 ( 
67.9 67.3 

63.2 64.6 

60.1 58. 

43.: 4 

42. 40.5 

23.3 20.6 

21. 


16.3 


of the low lean samples originated to a large extent 
in the adipose tissue. Generally, the moisture content 
of the adipose tissue is quite variable, thus the percent 
error was larger for these samples. 

Table 3 shows the comparison of lean values derived 
from the use of Equation (1) with lean values ob- 
tained by subtracting from 100 the fat pereent of the 
samples. It is interesting that for the lower lean 
values, ‘‘100 minus fat percent’’ values were con- 
siderably higher than those derived from the Equation 
(1). This is so because the proteinaceous part of the 
adipose tissue was included as lean in the former 
ealeulation and, therefore, interfered with the defini- 
tion of lean adopted in this paper. On the other hand, 
intracellular fat of 100% lean meat intervened to 
lower the lean content derived from ‘‘100 minus fat 
per cent.’’ 


CONCLUSIONS 


A correlation of the moisture content with leanness 
of pork has been established. The correlation is good 
for leaner cuts of pork but percent error increases as 
leanness decreases. Equation (1) is well applicable to 
lean contents higher than 40 per cent and, therefore, 
can be used quite successfully for quality control pur- 
poses in the meat industry, since commercial cuts of 
meat rarely contain less than 40% lean 


TABLE 3 


Comparison of lean values derived from the lean equation 
with those obtained from ‘‘100 minus fat percent’’ 
(in percent) 


Lean from Lean from 


Ng t 
ame of cu equation 100 % tat 


100% lean trimming’s.............. 100.9 
95% lean trimmings ‘ 96.8 
Loin trimmings.... 89.3 
Shoulder trimmings......... 68.9 
50% lean trimmings 51.2 
Belly trimmings... $1.6 
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Formation of Acetoin in Cod and Other Bottom-Fish 


Fillets During Refrigerated Storage’ 


(Manuscript received June 22, 1960 


SUMMARY 

Acetoin and the total volatile bases were measured in samples 
of commercial bottom-fish fillets that were stored at 34° F. The 
content of acetoin increased from <1 to 7-10 mg/100 g after 
4 to 8 days storage. The usefulness of the acetoin content as a 
measure of quality of commercial fillets appears to be quite 
limited, because the inerease of acetoin does not occur until just 
before the time the sample would be considered unacceptable. 


Tue ACIDIC AND NITROGENOUS bac- 
terial degradation products of fish flesh have been 
studied extensively, but the neutral products have 
received little attention. The carbonyls appear to be 
of special importance in this group sinee they have 
been associated with undesirable flavor and odor 
changes in foods. 

The carbonyl determination has been tested by Far- 
ber (7) as a quality test for fishery products. Ota (5) 
fractionated the volatile carbonyls from fish stored at 
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ambient temperatures. He found acetaldehyde, buty- 
raldehyde, and acetoin in the spoiled flesh of sardine, 
mackerel, and a flatfish, whereas he found only acetal- 
dehyde in fresh tissue. Mangan et al (4) reported 
finding acetaldehyde in the extracts of haddock that 
had been iced 8 days. 

The objectives of the present work are to determine 
the main carbonyl compounds formed in bottom-fish 
fillets stored at 34° F and to determine the relation- 
ship of carbonyl content to volatile nitrogen content 
and to sensory acceptability. 


EXPERIMENTAL 


Materials and storage. Freshly cut, unwashed bottom-fish 
fillets, obtained commercially, were used for the major part of 
this study. The species used were cod (Gadus macrocephalus), 
English sole (Pseudopleuronectes dignabilis), rockfish (Sebas 
todes sp.), and lingeod (Ophiodon elongatus). In part of this 
study cod were used which had been caught and iced 4 hr earlier. 
Fillets were cut from these fish in the laboratory and used 
unwashed. 

The fillets were cut into pieces of 40-50 g each, and the 
pieces from one lot (about 15 lb) were mixed together. Portions 
of approximately 300 g were placed in sterilized sample jars, 
fitted with lids having a cotton-plugged air vent. Samples were 
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NOW AVAILABLE... A 100% NATURAL 
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ACETOIN FORMATION IN COD DURING REFRIGERATED STORAGE 


held in a fan-equipped refrigerator at 34 + 2° F for periods up 
to 15 days, after which they were frozen at —20° F and held 
until analyzed. 

Analysis of carbonyls. The techniques of steam distillation 
and benzene extraction were used to remove carbonyls from 
flesh. In the steam distillation method, fish flesh (30 g) was 
homogenized in a blender with 100 ml of water. The homogenate 
was steam distilled rapidly into a receiver containing a satu- 
rated solution of 2,4-dinitrophenylhydrazine in 2 N HCl. After 
allowing the solution to stand for 2 hr at room temperature, the 
hydrazones were extracted from it with about 5 portions (40 ml 
each) of earbonyl-free ether. The ether solution was washed 
with 10 ml of 10% NazCOs, dilute HCl, and water. The solution 
was dried over anhydrous Na»SO, and the ether was evaporated 
to near dryness before the residue was taken up in benzene. 

In the benzene extraction, fish flesh (30 g) was ground in a 
mortar with an equal weight of anhydrous NasSO, and ex- 
tracted with about 5 portions (10 ml each) of carbonyl-free 
benzene. The extract was reacted with trichloroacetic acid and 
2,4-dinitrophenylhydrazine by heating for % hr at 60°C. The 
reaction mixture was washed with a small volume of 10% 
NazCO; soln and 2% HCl, dried over anhydrous Na.SQ,, and 
concentrated. 

The benzene solutions were chromatographed on Whatman 
3MM paper using a descending technique. The n-heptane rich 
layer of a 1: 1 methanol/heptane mixture was used as develop- 
ing solvent. (The system was equilibrated 12 hr with the 
methanol-rich layer before development. ) 

Acetoin was estimated colorimetrically by reacting an aliquot 
(2 to 5 ml) of the benzene extract of flesh in a 25-m1 flask with 
1.5 ml 4.3% trichloroacetic acid in benzene and 2.5 ml of 0.05% 
2,4-dinitrophenylhydrazine in benzene for % hr at 60°C. The 
flask was cooled, treated with 5 ml of 4% KOH in absolute 
ethanol and made to volume with absolute ethanol. After 15 
min development period, the absorbance (A) was measured at 
490 and 435 muy, using a blank prepared with the reagents. The 
eontent of carbonyl was calculated using the absorbance ob- 
mz and interpolating from a 
standard curve prepared with acetoin. 


tained by subtracting Ass my 


Acetaldehyde was estimated spectrophotometriecally at 353 
my after eluting acetaldehyde 2,4-dinitrophenylhydrazone from 
the chromatogram with 95% ethanol. 

Total volatile nitrogen. Volatile nitrogen was determined 
by the method of Stamsby et al (9). 

Sensory evaluation. Appearance and odor of raw fillets 
and the odor of cooked fillets were used to determine when fillets 
were no longer acceptable. 


RESULTS AND DISCUSSION 


Identification of carbonyls. A typical paper chro- 
matogram of the 2,4-dinitrophenylhydrazones pre- 
pared from the steam distillates of cod flesh is shown 
in Figure 1. In the distillates of fresh tissue there 
were two components whose migration rates cor- 
responded to the hydrazones of formaldehyde and 
acetaldehyde. The absorption maximum of the eluates 
of these spots were in agreement with the absorption 
maximum of the hydrazones of formaldehyde and 
acetaldehyde. Owing to this agreement of absorption 
maxima and chromatographic behavior, it was con- 
cluded that these components were most probably 
formaldehyde and acetaldehyde. 

In the 2,4-dinitrophenylhydrazone mixture from the 
steam distillate of flesh stored 4 to 8 days, there was 
formaldehyde, acetaldehyde, and a component that 
had a migration rate similar to that of acetoin 
(Figure 1). The melting point of the crystals ob- 
tained from the eluate of this component was 107- 
109° C (uneor). The melting point of the mono 2,4- 
dinitrophenylhydrazone derivative of acetoin was 


Derivative of formaldehyde 
Derivative of acetaldehyde 


Derivative prepared from benzene extract 
of fresh cod flesh 


0 Derivative prepared from bemzene extract 
J of cod flesh stored 6 days. 


Figure 1. Chromatogram of 2,4-dinitrophenylhydrazones of 
known compounds and those prepared from the benzene ex- 
tracts and the steam distillates of cod flesh. 


106—108° C (uneor). Since the bis 2,4-dinitrophenyl- 
hydrazone derivatives of acetoin and diacetyl are iden- 
tical and since the bis derivative did not nigrate with 
the solvent system used (Figure 1), an independent 
test had to be used to eliminate the possibility of the 
presence of diacetyl. The Prill and Hammer test (7) 
was negative indicating that diacetyl was not present 
in detectable amounts. 

Acetaldehyde and formaldehyde were not detected 
in the chromatograms of the benzene extracts of flesh. 
The absence of these compounds might be attributed 
to the simple extraction method used. Tests showed 
that the recovery of acetaldehyde from fish flesh by 
this method was poor. Hughes (2) has suggested that 
formaldehyde may react with amino groups under 
conditions similar to that used here. He cited a refer- 
ence in which it was found that small quantities of 
formaldehyde added to minced herring flesh, in the 
cold, could not be detected immediately afterwards. 

The trace of formaldehyde found in the chromato- 
grams of the steam distillate of flesh was not considered 
in the quantitative work. The finding of a trace of 
formaldehyde does not agree with the results of Ota 
(6) who was unable to detect formaldehyde in the 
steam distillate of fish fiesh until after heating the 
flesh for 1 hr at 113° C. 

Estimation of acetaldehyde. The results from a 
limited number of samples showed that there was no 
measurable change in the acetaldehyde content of fish 
flesh after 8 to 10 days’ storage. 

Estimation of acetoin. The content of acetoin and 
volatile bases and the sensory evaluation of fresh and 
stored cod fillets are shown in Table 1. The sensory 


TABLE 1 


Content of acetoin and of volatile base, and the sensory evalua- 
tion of cod fillets stored at 34° F 


Series 1 Series 2 
Time 
Volatile 


Acetoi cetoin 
Acetoin Acetoi bases 


Days Mg/100 9 y N Ig Mg/100g, MgN/100q 


<1 
<1 <1 9.8 
10 <1 11.0 

7 34.3 


9.1 


4 
44.7 
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TABLE 2 
Content of acetoin and of volatile base and the sensory evaluation of lingcod, rockfish, and sole fillets held at 34° F 


Lingcod Rockfish Sole 
Acetoin Sensory Acetoin Sensory Acetoin Sensory 

Days Mg/100g MgN/1009 Mg/100g\ Mg N/100Qg Mg/100g\ Mg N/100g 
0 <1 8.4 Acceptable <1 8.5 Acceptable <1 10.3 Acceptable 
<1 9.1 Acceptable 11.5 Acceptable 9.5 Acceptable 
4 Aicdteincinenitieiadenihee <1 10.2 Acceptable 6 31.8 Acceptable 1 12.1 Acceptable 
6 a binineitenbiaad dite 6 23.1 Acceptable 6 57.7 Not acceptable 8 31.3 | Acceptable 
6 27.6 Not acceptable 6 66.5 Not acceptable 6 42.9 Not acceptable 


evaluation indicated that the rise in acetoin content 
began not long before or at about the same time that 
the fillets would be considered unacceptable. The vola- 
tile nitrogen increase followed a pattern similar to 
that of acetoin up to the point of unacceptability. 
Series 1 and 2 were handled in the same manner. The 
differences in storage life were attributed to differ- 
ences in the quality of the starting material. 

The study on cod was extended to include the com- 
mercial fillets of English sole, rockfish, and lingeod. 
These results are reported in Table 2 and in general 
are similar to those found for cod. 

When the fillets of very fresh cod (prepared 4 hr 
after capture) were stored at 34° F, it was found that 
the acetoin content reached detectable levels somewhat 
later than the commercial fillets. In these samples the 
maximum value for acetoin was obtained after 9 days’ 
storage at 34° F, whereas the maximum for commer- 
cial fillets was obtained after 4 to 6 days. These fillets 
were not judged unacceptable until 13 to 15 days’ 
storage. This indicated that the relationship of acetoin 
content of stored fillets and the sensory score is 
affected by the quality of the fish from which the 
fillets are cut, 

The usefulness of the acetoin content as a measure 
of the quality of commercial fillets appears to be quite 
limited, because the sharp rise in acetoin content does 
not occur until just before the time when they would 
be considered unacceptable. 

Origin of acetoin. The formation of acetoin in 
stored fish fillets at about the same time as the forma- 
tion of volatile base suggests that bacteria are respon- 


sible. It was shown that some isolates from commer- 
cial cod fillets produced acetoin or diacetyl or both 
when cultured on a media containing glucose. Si- 
gurdsson and Wood (8) showed that bacterial isolates 
from decomposing cod muscle gave a positive test for 
acetoin. Liston (3) has been unable to demonstrate 
the presence of acetoin-producing organisms in the 
flora of live fish. 
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Experimental Preservation 
Antibiotics and Radiation 


Manuscript received June 30, 1960 


SUMMAFY 

The application of 7 ppm of chlortetracycline to the surface 
of beef followed by irradiation with 0.1 megarad resulted in 
more effective inhibition of microbial growth during storage at 
34° F for 30 days than the independent use of antibiotic and 
radiation. The useful limits of chlortetracyeline concentration 
are 0.5 to 10 ppm and the most suitable radiation dose is 200 
kilorads. Tetracyeline and oxytetracycline were also effective, 
the former manifesting maximum inhibition. Storage of meat 
at 34° F was considerably superior to 40° F irrespective of the 
treatment. Microbial counts were lower in treated meat pack 
aged in Saran film than in Cellophane and polyethylene. 


Tue APPLICATIONS of antibiotics to 
the improvement of food processing and preservation 
have been experimentally evaluated from many 
aspects (5, 13). These efforts have resulted in the com- 
mercial use of certain broad-spectrum antibiotics such 
as chlortetracycline and oxytetracyeline in the preser- 
vation of fresh poultry and fish in the United States as 
well as fresh meats in other countries (9). One of the 
most important limiting factors in the storage life of 
fresh beef is bacterial spoilage due to the Pseudomonas 
and Achromobacter genera (8) and chlortetracycline 
is one of the most effective antibioties for reducing 
such spoilage (5). 

Although ionizing radiations also have been inten- 
sively investigated for their potentialities in food 
preservation (2,7, 11) radiation processing of foods is 
not yet a commercial reality. One of the problems in- 
volves radiation side effects ; for instance, certain foods 
such as fresh beef acquire undesirable odors and 
flavors when exposed to radiation sterilizing doses of 
2 to 4 megarads (1, 4, 6, 12). “lowever, such side re- 
actions are negligible in beef irradiated at levels up 
to 0.3 megarad which constitute a radiation ‘‘ pasteuri- 
zation’’ extending the storage life of refrigerated 
beef (3, 10). 

The incorporation of both antibiotic and pasteur- 
izing doses of radiation into a preservation process for 
fresh foods should yieid a broader spectrum of micro- 
bial inhibition than the independent use of either 
agent. There is of course the alternative possibility of 
achieving the same result without radiation by the 
proper combination of antibiotics. Experimental 
studies in this laboratory and others (3, 10) have 
shown that improved storage life of fresh meats can 
be obtained by the use of radiation and chlortetra- 
cycline as well as oxytetracycline. The present report 
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deseribes the results of an investigation of some limit- 
ing factors involved in the combined use of antibiotics 
and radiation in the preservation of fresh sliced beef, 
viz., effective dose ranges of antibiotic and radiation 
as well as the influence of some packaging films on 
microbial growth in beef. 


MATERIALS AND METHODS 


Application of antibiotics. Beef round steaks 1.3 em in 
thickness were cut into circular portions weighing 5 to 60 g. All 
samples in each experiment were cut from the same slice of 
meat. Weighed portions of meat were packaged as specified in 
one of the following films: polyethylene (film thickness, 4 mils), 
Saran Wrap made by the Dow Chemical Company, Midland, 
Michigan, and MSAD No. 80 cellophane manufactured by the 
Du Pont Company, Wilmington, Delaware. All meat was poly- 
ethylene wrapped unless otherwise specified. 

Appropriate amounts of antibiotic in solution were intro 
duced directly into the packages containing meat to yield the 
desired concentration of antibiotics. 0.2 ml! of soln. was used 
on 5-g meat samples and 1 ml on 40-60 g portions. Sealed 
packages were rotated and so manipulated as to yield complete 
exposure of the meat surface to the antibiotie solution. Chlor- 
tetracyeline (CTC), tetracycline (TC) and oxytetracycline 
(OTC) were employed. Values given for the amounts of anti 
biotic on meat are based upon the quantities added and not 
upon the antibiotic residuals remaining after treatment which 
were not determined. Irradiation was performed after applica 
tion of antibiotic to the meat 

Irradiation. The packaged meat was irradiated with X-rays 
from a General Eleetric Company 250 kv industrial X-ray ma 
chine, model OX-250, operated at 10 ma and 250 kvp. Radiation 
dose was determined by ferrous sulfate and ceric sulfate do 
simetry (15). Other meat samples were irradiated with 2 mev 
electrons from a Van de Graaf generator. 

Storage and evaluation. Treated samples were generally 
stored at 34° F or 40° F for periods up to 7 weeks during which 
bacteriological analyses were performed. In a few instances 
accelerated storage tests were conducted at 68° F. Total viable 
counts of viable microorganisms were conducted on 5 to 10 g 
portions of meat comminuted in 100 ml of sterile water for 5 
min in a Waring blender. Aliquots of these suspensions were 
plated in triplicate on trytone glucose extract agar (Difco) 
and colonies counted after incubation for 72 hr at 77° F. The 
presence of obligate psychrophilie and thermophilic organisms 
was not determined. 

Limits of chlortetracycline and radiation levels. An experi 
ment designed to determine the useful limits of chlortetracycline 
eoneentration and radiation dose was carried out as follows: 
Two hundred and fifty samples from a fresh beef round were 
obtained in the form of a cylinder, 10 em* x 0.5 em, weighing 
10 g each. All samples were individually packaged in polyethy- 
lene film and randomly distributed into 5 groups each contain- 
ing 50 samples. The latter were then treated with 0.5 ml of 
solution containing sufficient chlortetracycline to yield the fol 


lowing amounts of antibiotic. 
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Sample group Chlortetracycline, ppm 


I 0 
II 0.1 
0.5 
IV 10 

j 15 


All polyethylene packages were then heat-sealed and the anti- 
biotic solution distributed over the entire meat surfaces. After 
cooling to 39° F, 10 samples from each of the 5 groups of anti- 
biotic levels noted above were irradiated with 0, 100, 200, 300 
and 400 kilorads of 2 mev electrons. The processed samples 
were examined microbiologieally after 30 days in storage at 


40° PF, 


RESULTS AND DISCUSSION 


Chlortetracycline and X-rays. The application of 
7 ppm of chlortetracycline to the surface of fresh beef 
followed by irradiation with 0.1 megarad of X-rays 
resulted in marked reductions in microbial counts dur- 
ing storage of the beef for 30 days at 34° F and 40° F 
(Table 1). These meat samples were also free of un- 


TABLE 1 


Microbial counts on beef treated with 7 ppm of chlortetracy- 
cline and 0.1 megarad of X-rays then stored at 34° F and 40° F 


Microorganisms x 19®/g meat' 


Days in storage 


lreatment of beef 


0 15 30 


Meat stored at 34° F 


Control.. 0.03 60 100 
Chiortetracy cline 0.03 0O1 10 
X-rays... 0.03 0.7 1 
Ohlortetracycline + X-rays , 0.08 0.76 0.4 


Meat stored at 40° F 


Control. 0.06 100 200 
Chlortetracycline 0.06 04 30 
X-rays . 0.06 2 40 
Ohlortetracycline + X-rays.. 0.06 o1 8 


1 Polyethylene wrapped. The values given are means of 5 replicates 
from 10 samples (60 ¢) at each parameter 


desirable odors. However, meat treated with either 
antibiotic or radiation possessed an off-odor after 30 
days’ storage which was not the pronounced spoilage 
odor observed in the untreated controls. Surface 
darkening of the beef occurred in all instances which 
was most noticeable in beef treated only with radiation 
and penetrated the meat to a depth of about 2 mm. 
The combination of chlortetracyeline and radiation 
yielded meat with the least amount of surface darken- 
ing during storage. This antibiotic appeared to in- 
hibit some of the radiation-induced color changes in 
meat. The advantages to be gained by antibiotie and 
radiation preservation of beef are considerably im- 
proved by storage at 34° F rather than 40° F as ex- 
pected (Table 1). Samples of beef treated with chlor- 
tetracycline and X-rays and stored 30 days at 34° F 
were acceptable from the microbiological standpoint, 
however sorie improvement in color retention is 
desirable. 

The comparative effects on microbial counts in beef of 
varying concentrations of chlortetracyeline and radi- 
ation doses were determined by employing accelerated 
storage conditions (Table 2). Comparable microbial 
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TABLE 2 


Effect of chlortetracycline concentration and X-ray dose on 
microbial counts on beef 


Microorganisms x 10*/g meat' 


Irradiation 
(megarad) Chlortetra< ycline, ppm 
0 1 7 
0 500 13 0.8 
17 5 0.5 
0.4 0.3 0.1 


1 Polyethylene wrapped. After storage 2 weeks at 34° F and then 
24 hr at 68° F. 


counts were obtained with 7 ppm of CTC plus 10,000 
rads and irradiation with 100,000 rads in the absence 
of CTC. Maximum microbial inhibition was observed 
at the highest levels of each agent, viz., 7 ppm of CTC 
and 0.1 megarad of X-rays. On the basis of these re- 
sults, the independent application of CTC would 
require more than 7 ppm to achieve the preservative 
effect of 0.1 megarad of X-rays. 

Comparison of several tetracyclines. Tetracycline 
(TC), oxytetraeyeline (OTC) and chlortetracycline 
(CTC), independently or in combination with radi- 
ation, effectively inhibited the growth of micro- 
organisms in beef during storage (Table 3). Maxi- 
mum microbial inhibition was observed with TC fol- 
lowed by CTC and OTC. 


TABLE 3 


Comparative effects of several tetracycline antibiotics and 
X-rays on microbial counts of beef 


Microorganisms x 10*/g meat! 


Irradiation | 
(megarad) Antibiotic, 7 ppm 
None | Oxytetracycline | Chlortetracycline | 


Tetracycline 
0 500 2.6 OR 0.14 


0.4 0.2 0.02 


1 Polyethylene wrapped. After storage 2 weeks at 34°F and then 
24 hr at 68° F. 


Comparison of packaging films. Beef treated with 
7 ppm of CTC and 0.1 megarad of X-rays and pack- 
aged in Saran film contained appreciably lower con- 
centrations: of microorganisms after storage than 
identically treated samples packaged in cellophane 
and polyethylene (Table 4). This may be the result 


TABLE 4 


Influence of packaging film on microbial counts of beef treated 
with 7 ppm of chlortetracycline and 0.1 megarad of X-rays 


Packaging film Microorganisms/g meat! 
Saran......... 200 
Cellophane........ 17,000 
27,000 


1 After storage 11 days at 34° F then 24 hr at 68° F. 


of a higher degree of anaerobiosis in the Saran- 
wrapped meat than in samples wrapped in the other 
films. Polyethylene is permeable to oxygen and the 
cellophane was not heat-sealed in this case which may 
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Use Keltone In Pre-packaged Dry- 
Mix Chiffons, meringues and 
other fillings look fresh and stay 
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a smoother, creamier texture 
Makes preparation easier 


Use Kelco-Gel HV In Salad And 
Dessert Gels — Made in 3 minutes, 
cold if desired, and gelling in half- 
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made with Kelco-Gel HV are clear, 
sparkling and tender — won't melt 
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Use Kelco Algin Colloids In Pres- 
surized Foods — Effectively sta- 
bilized with Kelco Algin colloids, 
aerosol-dispensed whipped top- 
pings, syrups, flavors and sauces 
have far longer shelf life. 
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Whatever your product, packaged dry mix or 
beverage, emulsion or suspension, sauce or 
syrup, there’s a Kelco algin colloid to provide 


important benefits. At your service, too, are our 
highly qualified food technicians, ready to give 
individual attention to your needs or problems. 
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ANTIBIOTICS, RADIATION TO PRESERVE BEEF 


have allowed some oxygen to enter the packages. 
Other possibilities are not excluded such as a direct 
inhibition by the packaging material. 

Limits of chlortetracycline and radiation levels. 
Data shown in Table 5 permit a comparison of the 


TABLE 5 


Microbial counts on beef treated with 10 and 15 ppm of 
chlortetracycline and up to 15,000 rads of X-rays then stored 
28 days at 40° F 


Microorganisms x 10*/g meat* 


X-irradiation 


= Chlorietracycline, ppm 


15 
39 + 47 
120 + 32 
97 + 20 

ot 8 

4 


1 Polyethylene wrapped. Values given are means + standard devi 
ations of plate counts 


efficacy of 10 and 15 ppm of CTC at relatively low 
levels of X-irradiation. Although 10 ppm of CTC 
appears to be as effective as 15 ppm, X-ray doses up to 
15,000 rads were inadequate to control satisfactorily 
microbial growth in beef during storage at 40° F for 
28 days. 

The evaluation of the useful upper limit of the 
dosage of ionizing radiation was performed with elec- 
tron beams rather than X-rays because of the much 
shorter exposure period required with the former. 
Ali control samples receiving 0 and 0.1 ppm of CTC 
aud less than 300 kilorads (without CTC) had pro- 
nounced putrid odors after 30 days at 40° F. Those 
samples receiving 300 and 400 kilorads were unaccept- 
able because of radiation-induced undesirable odors. 
The irradiated meat samples exposed to 2 mev elec- 
trons acquired a chocolate brown color which began 
to disappear 15 min after irradiation and the normal 
red color was almost fully restored in about 12 hr. 

Meat treated with 0.5 ppm of chlortetracycline and 
100 or 200 kilorads contained exclusively yeast popu- 
lations which were consistently lower in samples re- 
ceiving 200 kilorads (Table 6). The upper limit of 


TABLE 6 


Microbial counts on beef treated with chlortetracycline and 
2 mev electrons then stored at 40° F for 30 days 


Microorganisms x 10*/g meat? 


[rradiation 


rads x 10° Chlortetracycline, ppm 


j 
0.5 | 10 15 
188 + 18 85+ 8 
30+10| 10+8 7+7 
1 Polyethylene wrapped. Values given are means + standard devi 
ations of plate counts 


chlortetracycline concentration appeared to be 10 ppm 
since 15 ppm of the antibiotic did not show any greater 
reduction in the number of microorganisms of the 


treated beef samples receiving 200 kilorads of 2 mev 
electrons (Table 6). 

The above data show that the useful limits of chlor- 
tetracycline concentration were 0.5 to 10 ppm and the 
most suitable radiation dose was 200 kilorads. 

Although no attempt was made here to determine 
whether organisms acquired resistance to antibiotics 
and ionizing radiation, others have reported (15) that 
organisms of the Pseudomonas and Achromobacter 
groups manifested some increase in resistance to 
tetracyclines. 
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A Statistical Survey of pH Variation and 


Sodium Content of Tomatoes’ 


(Manuscript received June 13, 1960) 


SUMMARY 


pH values of California tomatoes were measured before and 
after peeling using steam and lye as the peeling medium. Lye 
peeled tomatoes do not increase pH values as compared to raw 
tomatoes. The core of a tomato affects the pH, and when the 
core is removed the pH of the tomato is slightly lower. The 
sodium pickup from lye peeled tomatoes was slightly higher 
than from steam scalded tomatoes. Citrie acid does not lower 
the pH value of peeled tomatoes. There appears to be no cor- 
relation between sodium content, pH and total solids of to- 
matoes based on a statistical analysis. 


Derine the development of meth- 
ods and machinery to mechanize tomato peeling and 
coring, utilizing lye as the peeling medium, a study 
was conducted in 1957 to determine the effect of lye 
peeling on the pH of the product (1). The measure- 
ment of the pH of individual tomatoes before peeling 
disclosed that isolated California tomatoes could have 
a pH significantly over 4.5. Gould reported the effect 
of seasonal variation of the pH of tomatoes citing fae- 
tors such as variety, maturity, geographical areas, ete. 
that influence pH values (2). The work presented 
here represents a statistical analysis of measurements 
of pH and sodium content of some 5,000 individual 
tomatoes under various conditions. 


EXPERIMENTAL METHODS 


A Beckman Model ‘‘G’’ pH Meter was used to measure the 
pH values. Individual tomatoes were blended 15 seconds in an 
Osterizer before pH measurement. Aliquots (100 ml) from 5 
tomatoes were then blended to obtain average pH values. 
Soluble solids were determined, using an Abbe Refractometer 
correcting for temperature differences. Total solids were then 
obtained from the method for soluble solids found in the Na- 
tional Canners Association Bulletin (3). The sodium content 
was obtained by osterizing the tomatoes and filtering on What- 
man No 2 filter paper. The filtrate was then placed in a Beck- 
man DU Flame Photometer set at 589 millimicron sodium wave 
length. The transmission was obtained and plotted against the 
standard curve of known sodium content. The results were then 
reported in ppm of sodium. 


RESULTS 


Table 1 compares the pH values and frequeney distribution 
for steam sealded and lye peeled tomatoes. Only firm tomatoes 
were utilized in this test work. Citrie acid was used after peel 
ing, and the effect of this acid on the pH values is included in 
this table. The juice was drained off the processed tomatoes 
prior to measuring the pH value. 

Sodium content (ppm) was determined on raw, steam 
scalded, and lye peeled tomatoes. This information is given in 
Table 2. Distilled water was used in place of juice on both 
the steam and lye peeled tomatoes that were processed. 

Table 3 compares the pH values of raw tomatoes with and 
without cores. 

* Presented at the Twentieth Annual Meeting of the Institute 
of Food Technologists, San Francisco, California, May 17, 


1960. 


H. W. Adams 


Food Machinery and Chemical 
Corporation, San Jose, California 


TABLE 1 
pH values of tomatoes in California 


Steam scalded 


Tomato pH Raw Peeled Processed 
4.05 4.02 
4.56 4.39 
4.35 4.18 
10 0.0 
40 20 
0.112 0.09 
| Raw Peeled Citric acid Processed 
3.90 4.10 4.02 4.05 
4.82 4.69 5.03 4.60 
441 4.34 4.39 4.23 
27 10 23 0.02 
355 100 240 313 
0.147 0.127 0.153 0.09 
TABLE 2 


Sodium analysis on tomatoes (ppm/tomato) 


Steam peeled Lye peeled 


TABLE 3 
Effect of core on pH of tomato 


Tomato 
less core 
4.01 4 
i 4.6 4.43 
4.32 4.27 
50 50 
0.119 0.09 


A seatter diagram (Figure 1) was prepared to determine the 
relationship of sodium content to pH in lye peeled tomatoes. A 
correlation coefficient (r) approaching 1.0 indicates good cor- 
relation between variables. Each small block represents one 
measurement, 

Total solids and pH values of raw tomatoes are shown in the 
seatter diagram in Figure 2. This was done to determine if a 
tomato at a high pH value also had a high total solids content. 
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Figure 1. Lye peeled California whole tomatoes. 
(Scatter diagram) 
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pH VARIATION AND SODIUM CONTENT OF TOMATOES 
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Figure 2. California raw tomatoes. 
(Scatter diagram) 
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Figure 3. pH values of California tomatoes. 
(Juice and flesh of same unpeeled tomatoes) 
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Figure 4. pH values of California tomatoes. 
(Raw whole tomatoes) 
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Figure 5. pH values of California tomatoes. 
(Lye peeled tomatoes) 


Figure 6. pH values of California tomatoes. 
(Lye peeled—sprayed with pH = 3.0 citric acid) 


Figure 7. pH values of California tomatoes. 
(Processed tomatoes—juice drained) 


Figure 3 gives the pH values of juice and flesh of unpeeled 
tomatoes. This information is presented in probability co- 
ordinates in which the arithmetic mean (X) is found at the 
50% level; 14% on either side of this value will give one 
standard deviation. 

The frequency distribution of pH values of raw whole to- 
matoes is shown in Figure 4. By plotting the cumulative per 
cent in probability coordinates the arithmetic mean and 
standard deviation may be readily obtained. 


Figure 5 gives the distribution of pH values of lye peeled 
tomatoes. 


Some tomato canners have been using citric acid after the 
fruit has been lye peeled. The results of using citric acid are 
shown in Figure 6, giving the distribution of the pH values of 
tomatoes treated with citrie acid. 

The frequency distribution of the pH values of processed 
tomatoes is given in Figure 7. The juice was drained off the 
tomatoes prior to measuring the pH values. 


DISCUSSION 


Results in Table 1 demonstrate there is no signifi- 
eant difference in pH values of tomatoes peeled by 
steam or lye. The average pH value of lye peeled 
tomatoes is less than the pH value of raw tomatoes. 
This may be explained by referring to Table 3 where 
the pH of tomatoes without the core is lower than with 
the core. The pH values of lye peeled tomatoes were 
measured after the core had been removed. Processed 
tomatoes both from steam scalded and lye peeling 
showed pH values of 4.5 or lower. Tomato juice or 
puree added to canned tomatoes may aid in keeping 
the pH below 4.5. Since the tomato has an excellent 
buffer capacity, citric acid does not appear to lower 
the pH value of lye peeled tomatoes as compared to 
pH of raw tomatoes. 

The sodium analysis in Table 2 demonstrates a con- 
siderable range in sodium content in steam scalded 
and lye peeled tomatoes. No lye was used on the steam 
scalded tomatoes, yet the sodium values were found 
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to be much higher than in the raw tomatoes. The 
sodium pickup from lye peeled tomatoes was slightly 
greater than that from steam scalded tomatoes. 

The least squares method was used to determine the 
degree of correlation for sodium vs. pH values of lye 
peeled tomatoes in Figure 1. The coefficient of correla- 
tion (r) was quite low indicating a poor correlation 
between sodium content and pH values. 

The scatter diagram in Figure 2 demonstrating the 
effect of total solids and pH values on raw tomatoes 
indicates the poor correlation. One cannot obtain total 
solids if given pH values with any degree of accuracy, 
but given total solids one may predict pH values with- 
in 0.5 pH unit. 

The results shown in Figure 3 for pH values of 
locular juice compared with the flesh, show that the 
pH value of the juice is lower than the flesh. 
Apparently more malie and citrie acid are present in 
the locular juice than in the flesh of the tomato. 

Information in Figure 4 on pH values of raw to- 
matoes shows a range of 3.90 to 4.82 with an average 
value of 4.41. The average pH value of raw tomatoes 
was found to be 4.47 in 1957. Studies have been con- 
ducted by the University of California and the Na- 
tional Canners Association to determine exactly what 
causes increases in pH values of raw tomatoes (4). 
Irrigation appears to have no significant influence on 
pH of fresh and canned tomatoes. The increase in pH 
values due to ripening was significant at the 99% 
probability level. 


The pH values of lye peeled tomatoes given in 


Figure 5 indicate that lye does not influence the pH 
value of firm tomatoes. By comparing the mean pH 
of lye peeled tomatoes (4.34) with that of a raw to- 
mato (4.41) the pH value of lye peeled tomatoes is 
actually lower than the raw tomato. This was ex- 
plained, since the core was removed on lye peeled 
tomatoes when the pH was measured. In the case of 
raw tomatoes the core was not removed. Tests have 
shown (Table 3) that the tomato with the core had a 
higher pH value than without a core. 

The results of using citric acid to lower the pH of 
lye peeled tomatoes is demonstrated in Figure 6. By 
comparing these results with Figures 4 and 5, citric 
acid does not appear to be beneficial in lowering pH 
values of lye peeled tomatoes. The buffer capacity of 
a tomato may affect the influence of citric acid on pH 
value. 

The average pH value of processed tomatoes (4.23) 
is actually lower than the average pH of raw tomatoes 
(4.41). Tomato juice added to canned tomatoes may 
account for lowering the pH value of canned tomatoes 
after processing. 
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The Spoilage of Pacific Coast Rockfish. 1. 


Spoilage in Ice Storage” 


(Manuscript received June 21, 1960 


SUMMARY 


There is no significant difference between the spoilage rates 
of Pacifie rockfish species Sebastodes alutus, S. melanops and 
S. pinniger during ice storage. The pattern of spoilage as indi- 
eated by the mathematical relationship between organoleptic 
scores and chemical indexes is similar to that of gadoid fish. 
Inedible rockfish stored for more than 12-14 days in ice show 
total volatile acid numbers of 90 or more and total volatile base 
values in excess of 30, using the vacuum distillation method. 


 — (Sebastodes sp.) of the 
family Scorpaenidae constitute a significant portion of 
the annual catch of trawlers fishing off the North 
Pacifie Coast of the United States and of Canada. One 
species, S. alutus (Pacifie Ocean perch), makes up the 
bulk of the rockfish landings. The abundant stocks of 
other species are very much underutilized. The study 
deseribed in this paper was part of a program to in- 
vestigate some of the technological factors which may 
influence the commercial utilization of rockfish. 

Previous work on this problem has been confined 
principally to preliminary studies on the deterioration 
in quality of various rockfish species held in frozen 
storage (2,6). Some work on the palatability of vari- 
ous species has also been performed (1). The results 
of these studies indicated considerable variation in 
both the palatability and the frozen storage life of 
different species of rockfish. Deterioration of frozen 
fish held in low temperature storage was characterized 
by rancidity, toughness, and discoloration of the flesh. 

There appears to be no report in the literature con- 
cerning the deterioration of rockfish during ice stor- 
age. Ice storage of the round rockfish probably con- 
stitutes, in all cases, the first important technological 
factor (or hazard) in the utilization of rockfish for 
food. The quality or freshness of the fish issuing from 
ice storage will determine to a large extent, regardless 
of subsequent processing, the quality of the fish reach- 
ing the eonsumer. Therefore, it seemed logical to in- 
vestigate this factor first. 

This study was designed to provide information on 
the rate and pattern of spoilage of some commercially 
important rockfish species when stored in ice. Spoilage 
was measured by organoleptic and chemical tests. 

*This work reported herein was carried out under contract 
with the U. S. Fish and Wildlife Service with funds provided 
under the Saltonstall-Kennedy Act. 

"Contribution No. 92, College of wisheries, University of 
Washington, Seattle. 

¢ Present address: Department of Medicine, Nephrology Di- 
vision, School of Medicine, University of Washington, Seattle, 
Washington. 

* Present address: Chief, Biochemistry Unit, Biosciences See 
tion, Aero-Space Division, Boeing Airplane Company, Seattle, 


Washington. 


J. Liston, Julia G. Chapel,’ and 
J. A. Stern * 


College of Fisheries, University of 
Washington, Seattle, Washington 


METHODS AND MATERIALS 


Preliminary experiments were carried out, using inshore 
species (S. caurinus and S. maliger) to determine the range of 
values appropriate for the organoleptic and chemical tests to be 
used in the major investigation. These fish were allowed to 
spoil in ice storage and were sampled periodically. In addition, 
cooked fillets were used to provide the taste panel with experi- 
ence in the general characteristics of spoiling rockfish and to 
train panel members in the use of the score sheet (Table 1). 


TABLE 1 
Organoleptic scoring sheet 


Characteristics of the cooked fillet 
Score 
Odor Rancidity Flavor 


Fresh, sweet None Fresh, sweet 
slight shell 
fish flavor 

Loss of odor but Very slight Loss of fresh 

none or only very 
slight off-odor 

Slight off-odor or 


slightly rancid 


sweetness 
Obvious but not Insipid, neutral, 
no flavor at all, 
or very slightly 
sour 
Sour but not 


predominant 


Definitely sour or Definite 
rancid but not rancidity 
offensive 

Very sour or rancid 


nauseating 


Offensively Very sour, offen 


nauseating rancid sive; nause 
ating, inedible 


The species used in the principal experiments were S. 
melanops, S. alutus and S. pinniger, which are abundant off the 
Washington coast. The fish were trawled in grounds off the 
Washington Coast by the research vessel, M. V. Commando, of 
the College of Fisheries, University of Washington, and by 
commercial trawlers. The fish were obtained during the period 
April—August, 1958. Aboard the vessel, the rockfish were stored 
uneviscerated in ice and were repacked in the laboratory in an 
insulated box with fresh ice in a ratio of one part fish to one 
and one-half parts ice. 

Two spoilage runs were made with each species. In the case 
of S. melanops and S. alutus the first run was limited to 2 and 
3 sampling periods, respectively, but in all other cases the fish 
were held from 14 to 19 days and were sampled 5 to 6 times 
during the period. The samples, each consisting of 6 fish, were 
examined organoleptically and chemically. 

The chemical tests consisted of volatile acid (TVA) and 
volatile base (TVB) determinations using the vacuum distilla- 
tion method of Tomiyama, da Costa, and Stern (7). This 
method gives higher values for these substances than the 
standard steam distillation technique; TVA is expressed as 
‘facid number’’ in terms of ml 0.01 N NaOH/100 g fish and 
TVB is expressed as mg N/100 g fish. 

The organoleptic examination was made by a panel of 4 or 5 
persons who ‘‘scored’’ the cooked fillets according to the scheme 
outlined in Table 1. The fillets were cooked individually in a 
beaker, covered with aluminum foil, and partly submerged in 
boiling water inside a covered pan, for 35 min. No water or 
condiments were added. Three panel members were trained in 
the preliminary experiments and operated throughout the 
study. Only their seores have been used in the calculation of 
results. 
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The five-point scale adopted as a scoring guide for the panel 
was devised on the basis of our experiences during the pre- 
liminary experiments and is arranged to encompass the organo- 
leptie quality range from absolute freshness to complete spoil- 
age. An attempt was made to eliminate from the sheet any 
suggestion of grading the fish into ‘‘ eating qualities,’’ so that 
the panel members would be as little influenced as possible by 
individual preferences. However, it was agreed by all panel 
members that a seore of 2.0 closely approximated the lower 
limit of edibility for each character. 


RESULTS 


Results of the preliminary experiments with inshore rockfish 
species indicated that TVA and TVB values increased during 
spoilage in a manner roughly similar to the process in other 
ground fish, such as cod, with which the methods have been 
widely tested. It was assumed, therefore, that these chemical 
tests were suitable for use in the full-scale experiments. The 
scoring system gradually devised during the preliminary experi- 
ments was found, in its final form, to cover effectively the range 
of sensory changes during spoilage. At the end of the pre- 
liminary phase, the panel was found to be seoring reasonably 
consistently, one member with another (usually within + 0.5 
scoring units). 

The chemical and organoleptic methods thus developed were 
applied in duplicate spoilage runs with 8. alutus, 8S. pinniger 
and S. melanops; the results are shown in Tables 2, 3, and 4. 
Applying the criterion that a seore of less than 2.0 indicates 
grossly spoiled fish, it is apparent that all fish in our experi- 


TABLE 2 
Spoilage of S. alutus 


Organoleptic scores Chemical indexes 


Days in ice 


Odor | Flavor Rancidity TVA TVB 

3 4.6 4.6 4.6 23.09 7.07 
4 3.7 4.5 4.3 82.98 10.39 
: 3.7 3.8 4.0 23.81 13.66 
10 3.2 3.2 3.2 24.26 9.66 
13 2.3 2.5 2.9 41.72 18.62 
14 1.5 1.7 2.7 71.72 42.65 
17 0.5 N.T. N.T. 82.83 42.78 


N.T. These samples were too offensive to taste. 
* Indicates mean value of 2 sample batches (i.e., 12 fish). 


TABLE 3 

Spoilage of S. pinniger 

Organoleptic scores Chemical indexes 
Days in ice 

Odor | Flavor | Rancidity TVA TVB 
2 4.5 | 4.7 4.7 31.78 10.40 
4* as 43 1.2 27.91 10.59 
7 | 3.4 3.5 3.5 36.15 14.95 
8 3.5 3.2 3.3 31.23 | 11.86 
11* 24 3.1 3.0 73.52 25.74 
14 1.8 N.T. N.T. 200.03 61.50 
15 1.8 N.T. N.T 113.01 39.80 
17 N.T. N.T. N.T. 256.54 84.11 


N.T. These samples were too offensive to taste 
* Indicates mean value of 2 sample batches (i.e., 12 fish). 


TABLE 4 
Spoilage of S. melanops 


Organoleptic scores Chemical indexes 


Days in ice 


Odor Flavor Rancidity TVA TVB 

5* 44 4.2 4.9 16.73 | 10.49 

7 3.9 42 4.4 14.74 10.81 

9 3.6 3.6 3.5 20.22 11.74 

12* 3.8 3.6 3.9 20.97 11.39 
16 1.8 1.7 1.9 81.71 | 27.70 
19 1.3 N.T. N.T. 118.76 | 39.77 


N.T. These samples were too offensive to taste. 
* Indicates mean value of 2 sample batches (i.e., 12 fish). 
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ments attained this condition in 11-14 days. All three organo- 
leptie evaluations (odor, flavor, rancidity) showed good agree- 
ment on this point. This result is not unexpected, since odor 
and flavor are closely correlated (r 1.01) and rancidity is a 
major determinative factor in each. The chemical data also 
agree well with this estimate. There is a sharp break between 
the organoleptically ‘‘edible’’ fish and the organoleptically 
‘*inedible’’ fish in the ease of both TVA and TVB results. 

Superficially, S. melanops appeared to maintain better qual- 
ity for a longer time in ice storage, than either of the other 
species. However, this is probably a reflection of handling 
techniques rather than any intrinsie difference between the 
species, since S. melanops was caught by the research vessel and 
the other species, mainly, by commercial trawlers. 

Because there is such a close relationship between odor score 
and the seores for the other sensory characteristics, the former 
may reasonably be considered as representative of the organo 
leptic results in general. It is convenient to do this since odor 
scores continue below the ‘‘inedible’’ level where flavor and 
rancidity scores are few and uneertain. The values for odor 
seore for all species plotted against storage time are shown in 
Figure 1, where the caleulated regression line has been fitted. 


Points marked « derived trom rockfish 
eaperiments 


Calculated regression line for 
rockfish results 

54 Corresponding line for modified 
Shewan and Ehrenberg results 


Cooned 


Days in ice 


Figure 1. Relationship between odor and storage time. 


The seattering of points, particularly around the area ‘‘ days in 
ice’’ = 10-15 days, illustrates the limited value of storage time 
as a base line against which to measure spoilage. Nevertheless, 
the regression curve has been shown statistically to have the 
straight line form plotted on the graph (F = 3.02). 

Shewan and Ehrenberg (4) have derived an equation for 
the relationship between cooked odor seore and storage time for 
North Sea cod stored in ice. This equation has the form: 


y = 9.2 — 0.31 x where y = cooked odor 
x = days stored in ice. 


The organoleptic seale used by these authors has a range 0-10 
compared with our five-point range. The approximate form of 
their equation as it might apply in our case is therefore, 


y = 4.6 — 0.16 x. 


This compares quite closely with the derived equation for our 
line, 
y = 5.17 — 0.22 x. 


The lines corresponding to both equations are plotted in Figure 
1. Two factors affecting the Shewan and Ehrenberg equation 
are not included in the reconstructed line plotted in Figure 1 
because of the mathematical undesirability of modifying 
approximations by further approximations. These factors 
should be taken into account in considering the relationship 
between their line and ours. They are (1) in about half Shewan 
and Ehrenberg’s experiments low scores, equivalent to less than 
4.5 on our seale, were given to absolutely fresh, one-day-old 
fish; (2) the point of inedibility as determined by these authors 
is close to 2.3 on our seale, whereas we place this point at 2.0. 
Obviously, correction for both these factors would tend to swing 
the Shewan and Ehrenberg curve into closer alignment with our 
line. 
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2 
(Cooked) Odor 


Figure 2. Relationship between odor and TVB. 


The relationship between TVB and cooked odor score has 
been plotted in Figure 2 according to the method used for TVB 
and cooked flavor in the above quoted paper, in which the value 
10 log (1 + TVB) is plotted against flavor score. Since Shewan 
and Ehrenberg used the Conway Plate Diffusion method and 
we used the method of Tomiyama et al (7) to obtain TVB 
values, it is not possible to make even the approximate kind of 
graphical comparison between the two sets of results made in 
the ease of odor and days in ice. However, the general relation 
ship is similar. Most of the points lie within + 0.5 odor unit 
(the normal taste panel range) of the fitted line indicating a 
close relationship between organoleptic score and TVB |cor 
relation between 10 log (1 + TVB) and odor seore is 0.927]. 

The similar straight line relationship between TVA and 
odor is shown in Figure 3. However, in this case the relation 
ship is not so direct and more points fall outside the + 0.5 unit 
limits (r = 0.885). 


5 
roked dor 


Figure 3. Relationship between odor and TVA. 


DISCUSSION AND CONCLUSIONS 


It is commonly believed in the fishing industry that 
certain species of rockfish spoil more rapidly than 
others. S. melanops (black rockfish) is supposed to be 
one of the more rapidly spoiling types and S. alutus 
(Pacific Ocean perch) among the slower spoiling 
types. We have found no convincing evidence that 
any such difference exists in the rate of spoilage of 3 
commercially landed species of rockfish when held in 
ice. In particular, black rockfish did not appear to 
spoil more rapidly than Pacific Ocean perch. 

Moreover, in the admittedly subjective and per- 
sonal opinion of all panel members, S. pinniger (or- 
ange rockfish) was the most palatable of the various 
species tested in the fresh state. From the point of 
view of palatability and keeping qualities in ice, there 
seems, therefore, little justification for the continued 


neglect of rockfish species other than Pacific Ocean 
perch by the fishing industry of the Northwest. 

The rockfish used in our experiments remained of 
edible quality for close to two weeks in ice storage 
under good conditions. This is remarkably close to the 
keeping time reported for trawled gadoid fish (cod 


and haddock) which have been extensively investi- 
gated in this respect (3). Indeed, there is a general 
similarity in both the rate of organoleptically meas- 
ured spoilage and in the relationship between the 
value of certain of the so-called chemical indices of 
spoilage and organoleptic deterioration. | This latter 
relationship is, incidentally, a much better measure of 
the value of a chemical test than the usual ‘*days in 
ice’? comparison, since the latter does not reflect the 
inevitable variations in storage conditions (such as 
temperature, bacterial load, etc) from experiment to 
experiment. | 

Thus, it appears that the over-all pattern of spoilage 
is similar in these two distantly related types of fish. 
In so stating we do not wish to imply that the same 
types of odor and flavor change occur, but rather that 
the rate of change and probably the rate of passage 
through the various generally recognized quality 
states (i.e., fresh, good quality, edible quality and in- 
edible quality) are similar. This is of considerable 
importance to the whole question of so-called objective 
tests of spoilage, since, unless a similarity exists in the 
spoilage pattern among different species of fish, such 
tests can be applied only to a single species. If rela- 
tionships similar to that noted above between gadoid 
fish and Sebastodes can be established for other com- 
mercially important species of fish, the prospects for 
developing a single universal objective test for fish 
freshness will be much brighter. 

In the case of rockfish both TVA and TVB estima- 
tion provides a useful measure of spoilage but TVB 
would appear to be the more reliable method. A value 
in excess of 90 for TVA number or greater than 30 
for TVB value by the vacuum-distillation method is 
evidence of grossly spoiled, inedible fish. The organo- 
leptically detectable rancidity which develops during 
ice spoilage does not appear to be susceptible of meas- 
urement by the chemical methods commonly employed 
to determine rancidity. No correlation was obtained 
between organoleptic rancidity seores and peroxide 
number, thiobarbituric acid number (5) or iodine 
number. This may be due, in part, to the difficulty of 
sampling, since the small amount of fat (1% or less) 
in rockfish flesh is distributed along the lateral line 
area in a band difficult to separate from the rest of 
the fillet. 
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Price vs Marbling in the Purchase of Pork Chops”’ 


(Monuscript received June 4, 1960) 


SUMMARY 


A consumer acceptance study was initiated to determine the 
importance of marbling as a factor in seleeting pork chops, and 
to ascertain the effect of various price differentials on the pur- 
chases of highly marbled vs. non-marbled chops. The two types 
of chops were displayed in a local meat market and were sold at 
five different price margins, each margin testing 40 customers. 
In addition, a take home taste test was included to measure the 
effect of marbling on palatability. A preliminary interview con- 
dueted at the market and a telephone interview constituted the 
means for acquiring customer reactions. Results indicated that 
a definite preference for unmarbled chops existed among the 
purchasers; that marbled chops must be reduced considerably 
in price to induee buyers to purchase the same; that although 
the taste reaction to marbled cuts indicated a preference for 
them over the unmarbled chops, this preference was not carried 
over to the purchase counter. 


Do ©ONSUMERS give more con- 
sideration to the price at which pork chops are sold or 
to those characteristics that may be associated with 
greater palatability? The taste test which was part of 
this study indicated that the desirable eating qualities 
in pork are associated with a fair amount of marbling, 
i.e., the streaks of fat that are intermixed through the 
meaty portion of the cuts. But do consumers prefer 
to buy well marbled pork, or are they principally in- 
terested in buying predominantly lean cuts? How 
would their purchases vary if the same price were 
charged for both types of cuts, or, if price differences 
existed? Do their reactions to the cooked meat carry 
over to their purchases at the retail counter? 

To get answers to these questions a study was made 
of consumer purchases of one type of pork cut; 
namely, pork chops. This cut was chosen not only 
because chops are one of the most popular cuts of 


* Published with the approval of the Director of the Wiscon- 
sin Agricultural Experiment Station, Madison. 

* We gratefully acknowledge the aid given us by Osear Mayer 
and Company, Madison, Wisconsin, who contributed materials 
and facilities in addition to supplying other eo-operation in the 
conduct of the study. 
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pork but also because the marked differences between 
lean and marbled cuts are easily seen by the purchaser. 


EXPERIMENTAL DESIGN 


The survey was conducted in Madison, Wisconsin, the site 
being a market, managed by a local meat packing firm and 
operated for the benefit of its employees. Even though the sur- 
vey population was restricted to plant employees, there was 
considerable diversity of occupations and a wide range of in- 
comes and educational levels among the buyers. This cross 
section of customers might therefore approximate, at least, 
those found in markets generally. The faet remains, however, 
that these customers may be more meat-conscious and more 
discriminating in their purchases by virtue of their employment 
in a packing plant. 

An important consideration in planning the experiment was 
to select a retail cut of pork representative of the carcass in 
terms of marbling content and of consumer demand. Center cut 
rib chops were chosen to satisfy these prerequisites. All chops 
were selected on the basis of marbling variation. One set of 
chops was selected with a high degree of marbling—the other 
with very little. Factors such as thickness, outside fat, color 
and size were held as nearly constant as practical for the two 
sets of chops. 

Approximately 40 chops were arranged in each tray with 
price markers inserted. The trays were placed adjacent to each 
other in the display case. There were no evidences which might 
suggest the presence of a survey. 

The tests were conducted during 5 periods, with each period 
including approximately 40 purchasers. Only customers who 
purchased chops from either of the two trays were included in 
the study. Of approximately 1800 persons who viewed the meat 
counter during the survey, 213 purchased pork chops. 

A different price schedule was established for each period 
so as to measure the importance of marbling and price upon 
eonsumer purchases, The first period ineluded identical market 
prices for both trays. During the second period, the lean chops 
were maintained at the market price and the marbled chops 
were priced at 4 cents less than the lean euts, During the third 
period marbled cuts were 8 cents less in price per pound than 

© The composition of the survey population was: 7% had a 
grade school education only; 28% had some high school educa- 
tion; 39% had completed high school; 15% had some education 
beyond high school, and 11% had completed college; 23% had 
a family income under $5000 per year; 34% were in the $5000 
$7000 a year bracket; and 43% had family incomes above $7000. 
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and more complete data. 
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the lean euts and in the fourth period 12 cents less. The final 


period included a reversal of prices with the marbled chops at 80- | Percent of Purchasers 
of Marbled Chops 


4 cents per pound higher than the lean chops. Market price did | y, 
not vary during the study. 
When the participants purchased chops, the interviewer 70 
approached and asked why the particular type of ehops had 
been chosen and if they would be willing to answer other ques- 
tions by telephone conversation at a later date. The telephone 
call was conducted on the day after the cuts had been consumed. a 
At the beginning of the fifth period a take-home taste test 
was introduced. Each participant was given two additional pork . 
chops of the opposite type purchased. The participant was 50- | 
usked to take the pork chops home, cook them identically as , 
those purchased but in different containers, and then make a 
tuste comparison. 
40~ 
RESULTS AND DISCUSSION 
The data in Table 1 and Figure 1 summarize the “a y 
purchases during each period of testing and indicate 
the influence of both price and marbling on consumer 20» F 
preference. When marbled and lean chops were sold F i 
at the same price, there was a predominant accept- # 
ance of the lean chops—a preference of 21% to 1 in 10- 
favor of the lean chops. This acceptance of lean 
chops was intensified to 7 to 1 in favor of the 
lean chops, when the lean chops sold at 4 cents less rT a 0 =" ee” sem 
per pound than the marbled chops (period V). How- Price Differential: Marbled vs Lean Chops 
ever, as the price was decreased for the marbled chops . 
in periods Il, IIT, and IV, the purchases of the 1, Change in the acceptance of marbled chaps over 
marbled chops increased. A complete reversal of pur- increase in favor of marbling. (The straight line has been ap- 
ehases prevailed in period IV (as compared to periods proximated along the five points to show the existing relation- 
| and V) when the marbled chops were marketed at —_ 
12 cents less than the lean chops. 
Selection of marbled chops is shown to be influenced participants. It should be noted that in period II, 
by their relation to the price of lean ehops, as indi- when marbled chops were 4¢ lower than the lean 
cated by these observations: chops, 81% of the participants buying the marbled 


chops gave price as their reason for selection. This 
can be compared to the reverse condition prevailing 
in period V when the lean chops were 4¢ lower. In 
period V, 57% of the lean chop buyers said that price 
was the major reason for their purchase. 


Price difference was the major reason for selecting 
marbled chops as indicated by 78% of the participants 
who bought pork chops in periods II, IIT, and 1V. The 
remaining 22% of the reasons included appearance, 
higher quality and ‘‘no reason.’’ 

Leanness was the answer given by 48% of the par- 
ticipants purchasing the lean chops in periods II, III, 
and IV. Appearance was attributed as being the 
reason by 28% of the purchasers. Appearance, as a 
reason for selecting the lean chops, apparently was 
closely related to the concept of leanness and was so 
interpreted in this study, and therefore, leanness pos- 
sibly accounted for 76% of the reasons for selection. 
Miscellaneous reasons including higher quality, price 


In the telephone interviews, 49% of the participants 
said that too much fat was the main criticism of their 
usual retail purchases of pork. Of this 49% group 
61% purchased lean chops. For those participants 
(51%) who did not criticize pork because of fatness, 
59% of them purchased lean chops. Since the marbled 
chops were less expensive during 3 of the 5 periods of 
the survey, the results would suggest that price was 
more influential than the desire to avoid the extra fat 


and ‘‘no reason’’ were given by the other 24% of the which marbled chops carried. 
TABLE 1 

Number and percent of purchases of marbled and lean cuts of pork at certain price differentials—Madison market—1957 ’ 

en Purchases of Purchases of 

Period | marbled chops lean chops 
purchases 

Marbled Lean | No % No % 

Market Market 41 12 29 29 71 

Market 15 21 47 24 53 
s¢ Market 42 23 55 19 45 
-12¢ Market 45 14 7 11 24 
Market —4¢ 40 5 12 5 88 
213 95 45 118 55 


Totals........ 
1 In period I both types of cuts sold at the same price called ‘market price.’ In subsequent periods one of the 
the price of the competing cut 


cuts sold at 4, 8 or 12 cents under 
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No relationship was observed when comparing the 
size of family to type of pork chops purchased. There 
was, however, a relationship between the level of 
education and the selection of marbled chops. The 
per cent of marbled chops bought decreased with an 
increase in the educational level of the purchasers. 

The occupational group consisting of laborers (70% 
of the survey participants) purchased the marbled 
chops 46% of the time. This closely paralleled the 
average of 44% for all purchasers as indicated in 
Table 1. In contrast, the office workers group selected 
the marbled chops only 31% of the time. This group 
may be less price conscious and more lean conscious 
regardless of price difference. 

Take home taste test. For the purpose of a home 
taste test each participant was given two additional 
pork chops of the opposite type purchased with the 
instruction that these be cooked identically to those 
purchased. There was indication that the participants 
in the taste test preferred the marbled pork chops over 
the lean ones. Of the 83 home taste participants," 
62% preferred the marbled chops, 18% preferred the 
lean chops and 20% indicated no preference. The 
participants preferring the marbled chops gave ten- 
derness as the reasons 55% of the time, juiciness 51% 
and flavor 43% for their preference. Other reasons 
included ‘‘tastier,’’ ‘‘better texture,’’ ‘‘firmness’’ and 
‘less greasy.’’ Those who preferred the lean chops 
mentioned tenderness 40% of the time, juiciness 40% 
and flavor 33%.* 

A total of 42 participants in the taste test were 
interviewed by telephone—27 of them liked the mar- 


“Forty-two families were involved in this taste test. Since 
in most families two persons tasted the chops, the total number 
of participants in the taste test was 83. 

* More than one reason per participant accounts for a total 
value greater than 100%. 


bled chops better than the lean and 15 preferred the 
lean chops. Twenty-four of those preferring marbled 
chops stated they were willing to pay on the average 
of 7¢ per pound more for the marbled chops. Twelve 
of the 15 interviewees who preferred the lean chops 
said that they would pay 5¢ per pound more for the 
lean chops. Little confidence can be placed in such 
answers, for the actual purchases which were made in 
the first part of this study contradict the claims. 

Frying and secondly braising were the two princi- 
pal methods of preparing the chops. The participants 
who preferred the marbled chops used the frying tech- 
nique 59% of the time as compared to 50% for those 
preferring the lean chops. 
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Enzymatic Conversion of Barley 
Carbohydrate Into Syrup 


(Manuscript received May 31, 1960) 


SUMMARY 


Various combinations of amylolytic enzymes have been used 
as a means for the conversion of whole barley into syrup. The 
hydrolysis products have been determined quantitatively indi- 
eating that the composition of the syrup can be varied over 
wide limits by the proper selection of enzymes and conversion 
time. 

By using a portion of the beta amylase naturally present in 
barley good syrup yields ean be obtained with as little as 0.5% 
of a wheat bran culture of A. oryzae or by the use of 0.1% 
commercial enzyme. Preliminary results indicate enzymatically 
converted barley syrup should compete favorably with corn 
syrup in Montana. 


Busey PRODUCTION has increased 
in Montana in the last decade as a result of the re- 
striction on growing wheat. This increase in produe- 
tion has necessitated searching for new outlets to 
utilize barley. Converting barley into syrup appeared 
to offer the greatest potential. There is a large market 
for syrup in the West Coast States. 

In order to compete with corn syrup which is now 
supplying this demand it would be necessary to have 
either a less expensive material or one which offered 
some advantage over corn syrup. Since the conven- 
tional process for making syrups of this type is by 
the acid hydrolysis of starch, the first study was made 
on the possibility of producing barley starch for con- 
version into syrup (4). Although high quality barley 
starch was produced, the starch yields and processing 
difficulties did not make this: process look too attrac- 
tive. Direct acid hydrolysis of whole grain is un- 
satisfactory because of low yields and the formation 
of flavor producing substances. However, since barley 
contains substantial amounts of beta amylase, it was 
considered possible that by using this enzyme only 
very small additions of added enzyme would be re- 
quired to obtain good syrup yields. This might reduce 
conversion cost sufficiently to make it competitive with 
acid conversion. Furthermore, it should be possible 
to obtain wide variations in the sugar composition of 
the syrup by proper selection of enzymes used. In 
view of recent interest in the candy industry for a 
high maltose syrup, it was considered possible to pre- 
pare enzymatically a product which might have more 
desirable properties than the conventional acid con- 
verted syrup. This work was conducted to test these 
theses. 


MATERIALS AND METHODS 


Barleys used. All of the barley used in this work was 
barley of known history produced by the Department of 
Agronomy at Montana State College. The two strains studied 
were Compana and Betzes which are well adapted to Montana. 

Enzyme sources. Three laboratory cultures Aspergillus 
oryzae, Aspergillus niger NRRL 330, and Bacillus subtilis were 
grown on wheat bran using the procedure described by Hao (6). 


* Made by the Mold Bran ©o., Eagle Grove, Iowa. 
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The Aspergillus oryzae and Bacillus subtilis were commercial 
cultures." The beta amylase was obtained by mixing ground 
barley in a ratio of 1:10 with tap water, allowing to stand 
for 8-12 hr and then decrating the amount of extract, cor 
responding to the indicated pereentage of original barley. 
The other enzymes were from commercial sources. 

Determination of liquefying power of thinning agent. The 
liquefying power was determined by adding various amounts of 
enzyme to a 10% barley mash, holding for 1 hr at 75° C, and 
determining the relative viscosity by means of flow time from 
a special pipette. 

Determination of enzyme activities. The alpha amylase 
activity of the various preparations was determined by a modi- 
fication of the Wohlgemuth method (9). Beta amylase activity 
was determined by the method described by Bernfeld (2). 
Maltase activity was determined as described by Sumner (11). 

Preparation of barley mashes. Sufficient ground barley was 
added to cold tap water, the required amount of thinning agent 
added and the mixture heated to 75—-80° C with good agitation. 
After holding for 1 hr the mash was either cooked for 30 min 
at 15 si or held at 75-80° C for one additional hour. The mash 
was then cooled to 55° C, the converting agents added and the 
mixture held at this temperature for 16 hr unless otherwise 
indicated. The residue was ther removed by filtration and the 
wort examined for reducing sugars. 

Determination of maltose equivalents. The ground barley 
was analyzed for total carbohydrates by acid hydrolysis (1) 
and the reducing sugars determined by the method of Sumner 
(10). The maltose equivalent was caleulated from the reducing 
power of the wort and expressed as % carbohydrate converted 
to maltose. Since enzymatic hydrolysis usually produces more 
maltose than glucose this was considered a more satisfactory 
expression than dextrose equivalent for this work. 

Determination of kinds and amounts of sugars present. The 
sugars from the wort were chromatographed on paper using the 
procedure described by Gordon (5). The various sugars were 
eluted from strips cut from the chromatogram and the concen- 
tration determined by the method of Dubois (3). Maltotriose 
was identified by the extended action of alpha amylase which 
produced only glucose, maltose and the original maltotriose 
when chromatographed. The sugar designated as panose failed 
to hydrolyze with alpha amylase. The Rf indicated it to be a 
trisaccharide and it could be either panose or isomaltotriose. No 
attempt was made to establish which one was present. 


RESULTS AND DISCUSSION 


Effect of thinning agent on mash viscosity. In 
order for direct enzyme conversion to be successful it 
is necessary to use the highest possible mash strength 
consistent with good conversion. If the starch is suffi- 
ciently liquefied before cooking, a much more uniform 
mash is obtained and the final conversions are much 
higher. Preliminary results using Bacillus subtilis 
grown on bran and 3 commercial starch liquefying 
enzymes indicated that only two of the commercial 
preparations offered any real promise. These two were 
examined more thoroughly; the results are given in 
Table 1. 

Both HT-44 and H-39 gave satisfactory results. 
Since an adequate amount of HT-44 was available and 
its cost was sufficiently low to make its use feasible, it 
was decided to standardize on the use of 0.5% HT-44 
as the thinning agent. 
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TABLE 1 
Effect of thinning agent on mash viscosity 


Enzyme % by wt Flow time 
0.04 7.0 
ane 0.25 | 10.8 
HT-44....... 0.75 9.5 


Mash strength 10% 


Enzyme activities of preparations used. Before 
starting the conversion study it was necessary to have 
some information on the activity of the enzyme prepa- 
rations used. These data are reported in Table 2. 

Effect of cooking procedure on sugar production. 
Preliminary studies indicated that barley starch was 
readily converted into sugars. This suggested that 
pressure cooking might be unnecessary. To test this 
theory a series was run using the usual cooking pro- 
cedure as compared to mashes which were taken from 


TABLE 2 
Enzyme activity of preparations used 
Enzyme source Alpha units Beta units* | Maltase 
$3 75 
105 
150 208 
100 28** 
25 37** 
Rhozyme 1920 
Rhozyme neil 203 400 
Rhozyme H-33 106 183 


* Expressed as mM of Maltose produced/g enzyme 
** Expressed as time in minutes required for 1 g enzyme to hydro 
lyze 50% the maltose. 
' Produced by Wisconsin Malting Co 
2 Produced by Takamine Division of Miles Chemical Co 
* Produced by Rohm and Haas Co 


the thinning step without additional heating. These 
results are presented in Table 3. 

From the data in Table 3 it is apparent that pres- 
sure cooking is undesirable as in every case better 
yields were obtained without pressure cooking. This 
may be due to the continued action of the liquefying 
enzyme, which appears to be quite stable at 75—80° C 
in the presence of substrate. 

Effect of mash strength and concentration of lique- 
fying agent on syrup yield. In order to obtain the 
maximum sugar concentrations consistent with good 
conversion it was necessary to see how the mash 
strength and amount of liquefying agent influenced 


TABLE 3 
Effect of cooking procedure on sugar production 


Enzyme combination % of barley used No 
Pressure 

ME2 Pressure 

A. oryzae | A. niger Malt Wiszyme Infusion’ M.E2 


61 74 


0.5 0.5 66 | 73.1 
1.5 0.5 2 77.5 80.6 
0.5 0.5 ones 2 10% 75 | 85.0 
0.5 0.5 2 10% 70 | 82.5 


Mash strength 10% and 0.5% HT-44 used in all cases without cook- 
ing. Barley was Compana variety 

‘Infusion is aqueous extract of ground barley 

*M.E. is maitcse equivalent in all tables. 
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syrup yields. The results of this study are reported in 
Table 4. 

Although the yields in this experiment were not as 
high as are usually obtained, it was apparent from the 
sugar produced and physical characteristics of the 
mash that concentrations above 15% would not be 
practical. From these data it was concluded that there 
was no significant difference between the use of 0.5 
and 1.0% liquefying agent. In order to eliminate the 


TABLE 4 


Effect of mash strength and liquefying agent on syrup yields 


Syrup yields in M.E. using indicated 
4 


Mash strength amounts of HT-4 
0.5% | 1.0% 
22.7 | 57.0 61.2 
26.2 60.6 61.5 
20.0 55.7 55.7 
encese 49.0 47.0 


Conversion agent 0.5% A. orzyae, 0.59% A. niger and 20% infusion 
Barley was Compana variety. 
* Too thick with starch. 


effect of mash strength on the remainder of this work 
it was decided to run subsequent determinations at the 
10% level. 

Effect of enzyme combinations on yield of sugar. 
Before making a study of the actual composition of 
the syrup produced it was considered desirable to 
screen various combinations for total sugar yield 
realizing that these values may not be completely valid 
because of the presence of varying amounts of maltose 
in some of these preparations. Some of the most 
promising combinations taken from 106 determina- 
tions are expressed in Table 5. 

From the data expressed above it was apparent that 
considerable replacement of the malt could be accom- 


TABLE 5 
Effect of enzyme combination on yield of sugar 
% of enzyme used M.E. of syrup 
Malt | Wiszyme | A. niger | A. oryzae | Betzes Compana 
10 | 67.0 65.5 
4 ones 61.0 | 61.5 
3.5 0.5 «| 67.0 
3.5 | 0.5 69.0 70.0 
30 0.5 0.5 68.5 | 69.0 
2 | 2.0 | anen 68.0 72.0 
2 ale 2.0 69.0 | 74.5 
2 1.0 ; 1.0 75.0 | 77.5 
2 0.5 15 | 78.0 | 82.0 
2 1.5 5 | 80.0 | 78.5 


Mash strength 10% and 0.5% HT-44 as liquefying agent. Mash 
cooked after liquefaction to avoid complications of added HT-44 activity. 


plished by blending in other enzymes and that the 
blends were more satisfactory than the malt control. 

Effect of barley infusion on enzyme requirements. 
Since barley contains appreciable amounts of beta 
amylase which can be readily extracted, a study was 
made on the amount required to produce optimum 
results. In order to accentuate the effect of the beta 
amylase extract, a minimum of other saccharifying 
agents were used. The results of this experiment are 
reported in Table 6. 


| 
26 
2 
: 
or 
awk 
10.... 
15.... 
20..... 
25.. 
; 
ey 
> ) 
> 
# 


For every taste preference in every variety of 


spiced food — there’s a Griffith flavor formula! 


Ground, dry soluble, or liquid—in unit packages. 


Our Product Development Laboratory a vital 
area in research, source of quality standards and 
directions for use of Griffith Seasonings, Cures, 
and other products we manufacture. 


THE GRIFFITH LABORATORIES, INC. 


SHICAGO $, 1415 W. 37th St. . UNION, N. J., 855 Rahway Av. LOS ANGELES 58, 4900 Gifford Av. 


i 
| 

\ 
| 
4 J | 
7 
in AMERICA aly 
| | 
Labore ay | i 


Which of these features do you look for in a 


BEVERAGE HOSE? 


Taste? 


FOOD OR 


of 
and Sterilizing? 


Long Service Life? 


PLASTICS & 
SYNTHETICS 


Wide Range of Standard sizes? 


TYGON plastic 


Remaining flexible throughout the full range 
of normal operating temperatures, Tygon 
plastic Tubing, Formulation B44-3, is also as 
clear as glass, permitting visual inspection 
and control of flow. ; 
Non-contaminating and non-toxic, Tygon 
Tubing B44-3 neither imparts nor absorbs 
taste or odors, is safe with even the most 
flavor-sensitive products.* Because of its 
smooth, hard bore, Tygon Tubing is easily 
cleaned, can be sterilized with steam (open 
end method ) or bactericides. 


Tygon Tubing is non-aging, highly resistant 


SS 


DIVISION 


AKRON 9, OHIO 


TUBING 


to abrasion, and has a flex life 10 to 12 times 
greater than rubber. More than 65 standard 
sizes, up to 4” I.D., are available in continu- 
ous lengths. 


*For processed milk and milk products, use Formulation B44-4X. 


See why Tygon Tubing, Formulation B44-3, is almost 
universally the preferred plastic for handling foods 
and beverages. Get complete information — write 
today for your free copy of Bulletin T-100. 


U. S. STQNEWARE 


TYGON is a registered Trade Mark of The U. S. Stoneware Ce. 


> 
4 
4 
‘om Odors 
ji 

4 

A | 

a 

te 
: : 
. 
. 
. 4 
. 
. 
4 
443-F-3 
26B 


ENZYMATIC CONVERSION OF BARLEY CARBOHYDRATE INTO SYRUE 


TABLE 6 


Effect of barley infusion on sugar yields 
% Infusion added M.E. 

0. 41 

10.. 52 
20. 53 
30. 55 
40.. 50 
50 49 


Mash concentration 10% with 0.5% HT-44 as liquefying agent, not 


cooked and converted with 0.5% Wiszyme Barley was Compana 


variety. 


These results indicated that 20-30% infusion was 
ample to furnish all the beta amylase required and 
that the use of this material could eliminate a great 
deal of required enzyme. 

Sugars produced in the wort by various enzyme 
combinations. To study the distribution of the sugars 
produced, an experiment was conducted using a num- 
ber of enzyme combinations. The sugars in the wort 
were separated by paper chromatography and deter- 
mined quantitatively. These results are expressed in 


Table 7. 


TABLE 7 
Sugars produced in wort by various enzyme combinations 


Enzyme combination in % % of total sugar in wort 


A.O. An. I M W G, Gs Gs i-Gs G,, 
05 0.5 30 2 19 29.7 11.56 18.7 9.9 10.9 
0.5 0.5 0 J 20 > 6.4 10.7 9.0 14.0 
05 0.5 2 17.0 2.4 11.8 12.5 7.7 14.5 
0.5 0.5 3 18.7 5.0 138.2 7.5 8.1 12.5 
15 1.5 20 40.5 19.6 10.0 8.3 11.2 6.9 
1.0 1.0 20 19.2 21.5 12.0 11.0 10.0 19.2 
0.5 0.5 20 19.5 1.0 6.6 12.3 6.6 19.0 
10 5.0 0.8 8.0 5.9 
20 5 63.0 3.0 Tg 30.02 


Barley source was Compana, mash strength 10% liquefied with 
0.5% HT-44 

T= trace present. 

2A considerable amount of high molecular weight dextrin was found 
in this fraction. 


G, glucose, G maltose, i-G, isomaltose, Gs, maltotriose 
i-Gig panose, (,, higher oligosaccharides, A.O. A. oryzoe 
A.n. 4. niger, | infusion, M malt, W Wiszyme 


From the data in Table 7 it was observed that con- 
siderable variation in sugar composition could be ob- 
tained by using different enzymes. Although the 10% 
malt looks promising for the production of maltose 
syrup it must be remembered that it produces a 
smaller total yield of syrup, as indicated in Table 5. 
Therefore, both influences must be considered when 
choosing an enzyme source. A duplicate of the experi- 
nent reported in Table 7 was made using Betzes 
barley as the carbohydrate source. There was no 
significant difference, however, and this information is 
not included. 

Effect of conversion time on sugar distribution. 
Although preliminary work had indicated that a con- 
version time of 16 hr was satisfactory, it was con- 
sidered desirable to study the effect of conversion time 
on the distribution of sugars. This information is re- 
ported in Table 8. 

From the results in Table 8 it was apparent that 
under the conditions of the experiment conversion 
times of less than 16 hr gave distinctly lower total 
sugars. However, it does point out the possibility of 


bo 


obtaining an infinite number of combinations of 
sugars and dextrins by varying conversion time along 
with enzyme source. 

Sugars produced by combinations of greatest eco- 
nomic promise. Three combinations previously used 
which appeared economically feasible were repeated to 
study more thoroughly the products of hydrolysis. 
The wort produced was chromatographed as usual 
except that it was spotted at a higher concentration in 
order to detect minor constituents. These data are 
recorded in Table 9. 

A reproduction of the chromatographs obtained 
from these runs is given in Figure 1. 

It ean be observed that the nigerose content is in- 
creased four-fold when only infusion and A. niger are 
used. Undoubtedly, this is a result of synthesis from 


TABLE 8 


Effect of conversion time on sugar distribution 


Conversion time hrs % of total sugar in wort? 


G G i-Ge Gig i-Cig Gy 
4 1.1 40.3 3.3 708 3.3 44 
14.5 7.1 10.2 3.9 31.0 
12 15.7 28.5 5.3 11.8 9.1 28.0 
16 19.5 0 6.6 12.3 6.6 19.0 


Ten per cent Compana mash, liquefied with 0.5% HT-44 and con 
verted with 0.5% A. oryzae, 0.5% A. niger and 20% infusion. 
1 See Table 7 for nomenclature 


glucose and maltose (7, 8). However, when both 
A. niger and A. oryzae enzymes are present the 
nigerose content decreases. This is the result of the 
hydrolysis of nigerose by an enzyme system present 
in A. oryzae. This system has been studied in our 
laboratory and will be the subject of a future report. 
It is apparent that A. niger enzyme is detrimental if 
a high maltose syrup is desired due to its high maltase 
activity. Since preparations duplicating our labora- 
tory enzymes might not be available it was considered 
desirable to check the use of two commercial prepara- 
tions using our mashing procedure. These results are 
reported in Table 10. 

The data in Table 10 indicated that the use of com- 
mercial concentrates gave results approximately equal 
to those obtained by the use of erude A. oryzae. How- 


TABLE 9 


Sugars produced by selected enzyme combinations 


% Yield with indicated 
supplementary enzyme 


Sugar 0.5% 
1. niger 0.5% 0.5% 
5% 1. niger 41. oryzae 
ry zie 
A rabinose 1.5 4 2.0 
Xylose 1.2 1.6 2.4 
Glucose. 18.6 14.7 7.5 
Nigerose 1.2 8.0 2.0 
Maltose 33.5 $1.0 51.3 
Tsomaltose 7.0 1.8 6.0 
Maltotriose 10.5 92 11.2 
Panose 8.0 4.9 5.7 
High oligosaccharides... . 18.5 14.1 15.7 
Ten per cent Betzes barley mash, 0.5% HT-44 without cooking and 
converted using 20% infusion plus indicated saccharifying agents 
1 This compound gave three glucose molecules on hydrolysis and was 
not acted on by alpha amylase but not identified in any other manner 
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Figure 1. 


ever, it was observed that nigerose appeared to be 
absent indicating either no synthesis or complete 
hydrolysis by these enz’me concentrates. The latter 
is the most probable explanation since unpublished 
work in our laboratories has indicated the presence of 
nigerose in the form of a polysaccharide in the barley 
used for this investigation. 

Economics of producing barley syrup by enzymatic 
conversion. The estimated cost of producing syrup 
from barley in Montana reported in Table 11 has been 
made using figures based on current costs. However, 
these calculations have been made without the benefit 
of a pilot plant operation and may be subject to some 
revision. 


To the above costs it would be necessary to add 
taxes, depreciation, freight and profit. These figures 
would vary widely with plant size and location so no 


TABLE 10 


Sugars produced by commercial enzymes 


% yield with indicated 
supplementary 
enzyme 


0.3% R-33| 0.1% K-2 


Arabinose 

Xylose 

Glucose 

Maltose 

[somaltose 

Maltotrios: 

Panose. 
Higher oligosaccharides 


Ten per cent Betzes barley mash, 0.5% HT-44 without cooking and 
converted with 20% infusion plus indicated enzymes. Maltose equiva 
lents for R-33 and K-2 were 67.7 and 66.3 respectively. 

1 Trace. 


TABLE 11 


Estimated cost of production of syrup by enzymatic conversion 
of barley in Montana 


Based on processing 100 Ib barley from which 75 Ib of syrup containing 
80% solids and 35 lb of 28-30% protein dried grains are recovered 


Decolorizing carbon 
Filter cell 


Cost of syrup 3.5¢/lb 


1 Using lowest enzyme concentration found adequate. 


attempt has been made for their calculation. Actual 
cost figures on acid conversion were not available to 
the author. Corn syrup is made from corn starch and 
since the selling price of the starch and syrup are 
usually about the same, one would conclude that the 
actual cost of acid conversion is equal to the cost of 
drying the starch plus the increase in revenue due to 
the incorporation of 20% water. In view of the 
present quoted price of 7.3¢/lb for corn syrup, it 
would appear that enzymatically produced barley 
syrup would be able to compete economically with 
corn syrup in Montana. 
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Analysis of Headspace Gases in Canned Foods 


by Gas Chromatography’ 


(Manuscript received May 31, 1960) 


SUMMARY 


A method is deseribed for determining microquantities of 
nitrogen, oxygen, carbon dioxide and hydrogen by means of 
equipment modified to incorporate a two-stage column and two 
thermal conductivity detectors in a gas-solid chromatographic 
separation apparatus. The necessary modifieations may be 
made with most gas chromatography equipment. Argon is used 
as the carrier gas and silica gel and molecular sieve as the 


adsorbents. 


THE PRINCIPAL GAS nor- 
mally present in canned foods during storage, is 
associated with lesser quantities of carbon dioxide and 
hydrogen. Oxygen included in the container at time 
of closure is initially dissipated by container cor- 
rosion and product oxidation. Departure from this 
normal pattern can serve as an important criterion of 
changes within the container. The composition of 
headspace gases may indicate bacterial spoilage, con- 
tainer corrosion, or product deterioration. 

The composition of headspace gases is also im. 
portant in the case of canned products which require 
initial low oxygen levels for their keeping quality. 
Tutton and Coonen (10) emphasized the detrimental 
nature of oxygen in many canned food products and 
deseribed the methods available for reducing the 
oxygen content in canned foods. Carotenoid break- 
down in stored dehydrated carrots was shown by 
Mackinney (5) to be caused by molecular oxygen. 

Large numbers of gas analyses are carried out 
routinely for packing 2ontrol of oxygen sensitive 
foods. Still other analyses are used to detect and in- 
vestigate the cause of abnormal conditions in canned 
and packaged food products. The need for gas 
analysis methods which are both rapid and sensitive is 
clearly evident. Variations of an Orsat-type appa- 
ratus had been previously used for these analyses in 
this laboratory. Since the sensitivity of this method 
was limited by sample size, minor constituents in small 
samples (i.e., 10 ml) could not be accurately deter- 
mined. The advent of gas chromatography presented 
an opportunity for developing a better analytical tool 
for the analysis of micro-quantities of CO2, He, No, 
and Og» in gases from sealed containers. 

Gas-solid chromatography. Mixtures of low boiling 
gases can be analyzed by gas-solid chromatography. 
Madison (6) employed charcoal for the separation of 
hydrogen, oxygen, and nitrogen and described a two- 
stage column for the separation of ethane, propane, 
and n-butane from these gases. The charcoal stage 
required approximately 16 minutes for the resolution 
of hydrogen, oxygen, and nitrogen. Smith (8) pointed 

. Presented at the Twentieth Annual! Meeting of the Institute 
of Food Technologists, San Francisco, California, May 18, 1960. 


D. C. Vosti, H. H. Hernandez, and 
J. B. Strand 


American Can Company, Research 
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out that charcoal will completely adsorb carbon di- 
oxide and described a method using silica gel for 
separating carbon dioxide from nitrogen; however, 
oxygen and nitrogen are not separated by silica gel. 
The best adsorbant for resolving oxygen, nitrogen, 
This material 
is a synthetic zeolite.” Since this material irreversibly 
adsorbs carbon dioxide at room temperature (3), it 
cannot be used alone for this gas mixture. 

Workers at Wilkens Instrument and Research (1) 
recently reported the separation of carbon dioxide, 
oxygen, nitrogen, methane, and carbon monoxide by 
using a special two-element detector and two carefully 
balanced columns in series. The first column is silica 
gel and the second is Linde 13 molecular sieve. The 
use of helium as a carrier gas precluded including 
hydrogen in this mixture since the thermal conductivi- 
ties of hydrogen and helium are relatively close (4). 

Brenner (2) described a method involving parallel] 
columns for the analysis of mixtures containing 
oxygen, nitrogen, and carbon dioxide. Silica gel and 
Linde molecular sieve 5A were used as column ma- 
terials. This system requires that the division of a 
sample between the two columns remains in a fixed 
ratio. If this proportionality is upset by changes in 
column resistance, the results will disproportionately 
favor those gases passing through the column with the 
least resistance. 


and hydrogen is a ‘‘molecular sieve.”’ 


More recently Murakami (7) reported a rapid gas 
chromatographic method for analyzing mixtures of 
oxygen, nitrogen, methane, carbon monoxide, and 
carbon dioxide. The principles of this particular 
method are very similar to those developed and used 
in this laboratory for analyzing mixtures of hydrogen, 
oxygen, nitrogen, and carbon dioxide. This procedure 
required some interesting and comparatively simple 
equipment modifications that may be of general in- 
terest for canned food analyses and other applications. 


EQUIPMENT AND PROCEDURE 


Several methods are available for removing gas samples from 
eanned foods for analysis. Stah! (9) deseribed a modified Zahm 
Air Tester that could be used for this purpose. Although this 
ean piercing device may be used for removing a portion of the 
headspace gas in order to determine its per cent composition, it 
does not allow for complete removal. Knowledge of total head- 
space volume is required for ascertaining the total amount of a 
specific gas that may be present. Complete removal of head- 
space gases by can piercing devices such as that described by 
Stahl requires supplemental gas collecting equipment. In addi 
tion, the piercing needle must be placed as close as possible to 
the can wall due to the normal coneavity of the end. 


Manufactured by Linde Division, Union Carbide Cor- 
poration. 
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The gas sampling technique used in our laboratory allows for 
both a rapid and complete removal of headspace gases. The 
container is completely submerged in a sink filled with water; 
the end opposite the headspace is punctured near the double- 
seam with a sharp ice pick. A water filled inverted funnel, fitted 
with a serum cap on its stem, is positioned over the container. 
The can is then inverted so that the headspace gases can escape 
and displace water in the funnel. The container is then flexed 
to completely eject the headspace gases. The sample for gas 
chromatographic analysis is rapidly removed by a 0.25 ml 
syringe through the serum eap after flushing the syringe several 
times with sample gas. This syringe is fitted with a Chaney 
adapter to minimize sampling errors. The volume of the re- 
maining gas is measured by a larger syringe. 

The apparatus used was constructed by the authors. Two 
thermal conductivity cells were mounted in the usual manner 
in channels drilled in a brass block. The filaments of these two 
cells served as opposing variable resistances in a bridge cireuit 
and earried a eurrent of 140 ma. The presence of a substance 
other than the earrier gas produced an imbalance in the bridge 
cireuit which was recorded on a Varian GLIA reeorder. 


The separation was accomplished using a two-stage column 
operating at room temperature with only two thermal con- 
ductivity wires (Figures 1 and 2). Argon was used as the ear 
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Figure 1. Analytical system for CO,, H,, O, and N,. 


POLARITY SWITCHED 


Figure 2. Schematic for separation of CO,, H,, O, and N,. 


rier gas at a flow rate of 30 ml per min. The sample was intro- 
duced into the system by a syringe via a serum eap. The argon 
sarried the sample onto a 4 inch column of 28-200 mesh 
anhydrous silica gel. 

The first thermal conductivity cell was placed at the exit of 
the silica column. This was followed by a 9 foot Linde 5A 
Molecular Sieve column (30-60 mesh), a 12-foot time delay 
section of tubing, and the second thermal conductivity wire. 
Copper tubing (%4 inch) was used throughout. The two thermal 
conductivity wires were balanced against each other so that 
either could serve as the detector or reference. A _ polarity 
reversing switch was added so that the reeorder deflection could 
always be maintained in the same direction. 

Both columns may be removed from the block and regener- 
ated by heating and concurrently purging them with nitrogen. 


The short silica gel column may be gently heated for 15 min 
with a Bunsen Burner. Heating the longer molecular sieve 
column overnight at 300° F is generally adequate for its 
regeneration. 


RESULTS AND DISCUSSION 


The reasons for the particular sequence of detectors 
and columns deserve comment. Carbon dioxide is 
irreversibly adsorbed by molecular sieves at the tem- 
perature used herein; therefore, it is necessary to 
detect it as soon as it leaves the silica gel column. Since 
carbon dioxide is strongly adsorbed on silica gel at 
room temperature, it is necessary to use only a 4-inch 
column to separate carbon dioxide from the other 
gases, which pass through without restriction or 
resolution. 

At a flow rate of 30 ml/min the total residence time 
of carbon dioxide on the silica gel is about 2 min. It 
was found that less than 2 min were required for the 
hydrogen to pass through the silica and molecular 
sieve columns. Empirically, it was found that 12 addi- 
tional feet of copper tubing after the second column 
sufficiently delayed the hydrogen arriving at the 
second detector so that its signal did not interfere with 
that of the carbon dioxide. It is preferable to make 
the time delay with unfilled tubing rather than with 
a longer molecular sieve since the latter alternative 
would result in too long a residence time for nitrogen 
and oxygen in the sieve material. An inlet pressure 
of 25 psig was required for obtaining the desired 
30 ml/min flow rate. 

The use of only two thermal conductivity wires is 
advantageous since this is the standard arrangement 
and does not require additional instrumentation or a 
special cell design. This same block may be used in 
conjunction with appropriate columns for gas-liquid- 
partition-chromatography. 

The selection of carrier gas posed several problems, 
all of which were solved by argon. Nitrogen and 
hydrogen could not be used for obvious reasons. The 
lack of sensitive response of hydrogen with helium as 
the carrier gas precluded its use. The low thermal 
conductivity of argon allowed it to be suceessfully 
used as the carrier gas. 

Since the thermal conductivities of oxygen, nitro- 
gen, carbon dioxide, and hydrogen are higher than 
argon, these gases would each show the same deflection. 
As the carbon dioxide passed over the first thermal 
conductivity cell, argon was in contact with the second 
cell and it was therefore serving as the reference. By 
the time hydrogen, oxygen, and nitrogen reached the 
second cell, argon was passing through the first cell, 
which was then the reference. This alternating role 
of reference and detector of the two cells, therefore, 
necessitated the polarity change after carbon dioxide 
was detected. 

A chromatogram showing the separation of a gas 
mixture containing 39% carbon dioxide, 1% hydro- 
gen, 12% oxygen, and 48% nitrogen is shown in 
Figure 3. This is typical of separations that may be 
obtained with the two stage column. By using this 
arrangement the time for complete analysis is 6 min 
at a 30 ml/min flow rate. 
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Notice how the thin film keeps the water 
vapor trapped ? 

It is also a good oxygen barrier. And it is 
good to cat. 

Visualize a translucent edible film cast di- 
rectly on a food—skin-tight. No further wrap 
is needed to keep the food fresh, moist, and at 
correct weight. The coating itself is bland, 
stable against oxidation, wholesome, nu- 
tritious 

There are many other possibilities your 
product development department might see in 
Myvacet® Distilled Acetylated Monoglycerides. 
These non-greasy materials, made from edible 
fats, are well suited as slab oils, equipment 


lubricants, emulsifiers, food container com- 
ponents, and plasticizers for other coatings 
They are approved for use, up to 5%, in or on 
finished food.* ‘ 

To take a closer look at these interesting 
materials, send for samples of Myvacet Dis- 
tilled Acetylated Monoglycerides and for bulletins 
detailing specific uses with poultry, frozen 
and processed meats, frozen fish, dried fruits, 
nuts and candies, and storage eggs. Write 
Distillation Products Industries, Rochester 3, 
N. Y. Sales offices: New York and Chicago « 
W. M. Gillies, Inc., West Coast ¢ Charles 
Albert Smith Limited, Montreal and Toronto. 


*U. S. Food & Drug Regulations Sec. 121.1018 


producers of Myvacet* 
Distilled Acetylated Monoglycerides 
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vitamin A for foods and pharmaceuticals 


Also... Myverol® Distilled Monoglycerides... 


Distillation Products Industries iso division of Eastman Kodak Company 
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-ivan® Practice of favoring your product with 
an Ungerer flavor—True Fruit or Imitation; 
Liquid or Spray Dried. 


it Offers the realistic assurance that your 
product will good tastes. 


Practice Fiavoritism. it’s rewarding. 
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ANALYSIS OF HEADSPACE GASES IN CANNED FOODS 31 
CARRIER GAS: ARGO! TABLE 2 
FLOW RATE? 30 ML/MIN. 
a a {tes aT 200M Accuracy and precision of sampling technique 
Description He CO, Total co? 
Collected over Hg 0.70 8.4 33.4 60.6 i} eo 
Collected over Hg... 0.70 8.5 33.6 60.3 6.4 # 
Average.... ° -| 0.71 8.7 33.5 60.7 103.6 100.0 
1 min over water......... 0.72 +- 36.8 55.9 103.2 92.2 
6 min over water............| 0.74 10.5 37.3 53.5 102.0 88.2 
13 min over water.... 0.75 11. 38.1 49.4 99.2 81.5 


Figure 3. Separation of CO., O., and 


Since the response of the detector is not the same 
for all gases, calibration is necessary. Typical eali- 
bration and retention volume data for the 4 gases are 
summarized in Table 1. The use of argon as carrier 
gas provides increased sensitivity to hydrogen. This 
is of particular benefit in corrosion studies. 


TABLE 1 


Column calibration and retention volumes of hydrogen, oxygen, 
nitrogen, and carbon dioxide 


Attenu- | Peak Haif- | Oalibra- | Renten 


Gas Volume ation height width Phe 
ml in in ml 
H 0.25 10x 0.38 0.50 126.6 94 
O. 0.105 1X 1.02 0.49 18.8 125 
Ns 0.39 1X 8.53 0.73 16.0 157 
COs 0.40 1X 5.50 0.75 10.3 34 


1 Calibration factor is the calculated peak area in square inches for 
1.00 ml of gas at 1X attenuation 


The accuracy and precision of this sampling tech- 
nique are shown by the data in Table 2. A gas mixture 
was collected by mercury displacement and analyzed 
in triplicate. This mixture, complete with mercury 
seal, was placed in a sink filled with water. The gases 
were then released and trapped by the inverted funnel 
fitted with a serum cap. Samples were removed at 1, 
6, and 13 min intervals for analysis. 

Normally the gas can be removed from a container 
and sampled for analysis within one minute. The data 
in Table 2 indicate that at least 92% of the carbon 
dioxide can be recovered by this sampling technique. 
The recovery can be increased by replacing the water 
with an acidified saturated sodium chloride solution. 


? Percent of total OO, recovered 


Although there is some loss of COze by absorption, the 
method is sufficiently accurate for the intended pur- 
pose. It is apparent that the influence of carbon 
dioxide absorption on the per cent composition of the 
remaining gases is minimal. The results of the tripli- 
eate analyses indicate the accuracy of the gas chroma- 
tographie method. 
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Processing Methods’ 


(Manuscript received May 3!, 1960 


SUMMARY 

Improved processing methods for dehydrofreezing apples are 
deseribed. Procedures are given for use of ambient-humidity 
drying air instead of the humid air specified in previously 
reported work. Through-flow drying was substituted for cross 
flow. Three piece sizes and three different varieties were 
processed under various conditions. Advantages of using an 
optional blanching step after drying are discussed. A procedure 
is also given for a blanched nonsulfured product. 


Denvororreezina, the process in 
which foods are dried to 50% or less of their fresh 
weight and then frozen, has been described earlier 
(3, 4, 9, 10, 11, 12). Dehydrocanning is a closely- 
related process for producing a canned product (7, 
8). Dehydrofrozen apples are high-quality double- 
strength stocks suitable for use in pies (2). Since the 
apples are dehydrated to 50% weight reduction and 
about 50% volume reduction, costs of container, ship- 
ping, and storage are reduced (4). The process for 
dehydrofreezing apples consists of the following steps : 

Preparation of the fruit ———> 

Dip in a soln of SO. ———> Hold period ———> 

Dry to 50% wt reduction ———> Freeze 

In previous work (11, 12), apples were dried in a 

cross-flow dryer. Relative humidity was required to 
be in the range of 25-30% in the air used for drying. 
This requirement had two purposes: (a) to cause the 
sulfur dioxide applied during the dipping operation 
to diffuse from the surface into the interior of the 
piece, and (b) to reduce the residual sulfur dioxide 
content to suitably low levels. Recent tests using a 
belt-trough dryer (5) and a rotary dryer (9) indi- 
cated that under through-flow drying conditions, satis- 
factory results might be obtained with ambient- 
humidity air. Therefore, further tests have been made 
to determine the conditions under which drying air of 
ambient humidity could be used, and to determine how 
the useful range of other processing variables could 
be broadened. This paper presents and discusses the 
newer procedures. Its purpose is to guide processors 
of dehydrofozen apples in three ways: in selection of 
processing equipment needed ; in selection of process- 
ing conditions to meet requirements in a particular 
plant; and in the solution of processing problems 
arising from variations in variety, maturity, and size 
of fruit received at the plant. 


* Presented at the Twentieth Annual Meeting of the Institute 
of Food Technologists, San Francisco, California, May 17, 1960. 

* Present address: Utah Div. of Thiokol Corp., Brigham 
City, Utah. 

© A laboratory of the Western Utilization Research and De 
velopment Division, Agricultural Research Serviee, U. S. 
Department of Agriculture. 


Dehydrofrozen Apples: Recent Developments in 
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The use of SO, to inhibit enzymatic browning in 
the drying of apples is an old, well-established prac- 
tice. Low residual concentrations of SO». are desired 
in the final product when it is consumed, since 
amounts greater than about 50 ppm are detectable by 
the average consumer and are often objectionable. 
One of the objectives of this work was to determine 
the relative importance of the factors that are critical 
in changing the distribution or concentration of sulfur 
dioxide in the apple piece. 

Dip solutions made with sulfur dioxide gas are 
more effective for penetration of apple tissue than are 
solutions of sulfite salts; however, it is more con- 
venient to use acidified sodium sulfite or bisulfite as 
the source of SO, in the dip solution. The selection 
of the sulfuring method will probably be decided on 
the basis of the facilities already available at the 
processing plant. 

If salt and citric acid are substituted for SOs in the 
dip solution (7, 8), a sulfur-free dehydrofrozen 
product may be produced; however, the double- 
strength fruit must be blanched prior to freezing. In 
the present work, blanching procedures were applied 
to sulfured as well as unsulfured fruits, so that the 
blanched and the unblaneched dehydrofrozen products 
could be compared. 

Piece size or style of cut of apples used in pies may 
vary in different areas. Most apples of normal size 
that are canned or frozen for pie use are cut into 4. 
radial sections, the size considered ‘‘conventional’’ in 
this and in previous work. In many plants, size- 
graded fruit is ent according to size into 4% through 
“44 wedges. Some drying plants produce true slices, 
or rings, and some produce diced fruit or other special 
forms. In dehydrofreezing, processing conditions may 
be adjusted for the style or size of cut produced. Also, 
it may be necessary to adjust cut size or style, if other 
measures are inadequate to maintain bright product 
color. 

Discoloration during processing is particularly seri- 
ous early in the harvest season when much of the fruit 
is immature. Sorting out immature fruit before 
processing would aid in reducing the incidence of 
surface or interior browning in the dehydrofrozen 
product. However, it is usually more feasible to con- 
trol the browning of immature fruit by adjusting 
processing conditions. 


METHODS 


Raw material. The varieties of apples tested were Wine 
sap, Rome Beauty, and Yellow Newtown. For uniformity, only 
size-graded fruit of 113-count per 42-Ib box was used. The 
Winesap and Rome Beauty lots were optimum-maturity fruit 
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but the Yellow Newtown lot was somewhat immature. All 
apples were held at 34° F until used. 

Processing. Apples were peeled and cored in a_ hand 
operated machine, hand trimmed, and held in a 1% solution of 
sodium chloride until used, usually a period of one-half hour 
or less. The apples were eut into conventional Ye radial sec 
tions (wedges), 4 wedges, or %4-inch cubes. The cut fruit was 
placed in a perforated stainless-steel basket and immersed in 
the dip solution * for the desired period. The basket of dipped 
fruit was drained for 2 to 3 min and then placed in a covered 
eontainer (except as noted in Table 2 and Figure 3) for the 
desired holding period. Free liquid was allowed to drain from 
the fruit during the hold period. The fruit was loaded, 4.5 lb 
sq ft (approximately 3 layers deep), onto a tray with a 
stainless-steel wire-cloth bottom and dehydrated to 50% of 
original weight in a through-flow dryer (Figure 1). Air flow 
was about 300 efm/sq ft and was at ambient humidity. Upflow 
air was used during the first half of the drying period and 
downflow during the second half. The air direction was quickly 
and easily reversed by changing the settings of the 4 dampers 
in the dryer (see Figure 1). After drying, each tray of double 
strength apples was divided into two portions of approximatel) 
1 lb each. One portion was packed into a freezer carton and 
frozen with forced air at —20° F. The other portion was steam 
blanehed (at 205° F) before packaging and freezing. All fruit 
treated with salt and citrie acid was steam-blanched at 205° F 
after drying. Blanch times were adjusted in each case for eut 
size: 2 min for 4eths, 1% min for 4¢ths, and 1 min for % inch 
dice. The double-strength frozen product was stored at 0° F 
for later evaluation. Samples of fruit were taken at various 
stages of the process and were analyzed for sulfur dioxide con 
tent by the Monier-Williams (1) method. Presence or absence 
of internal browning was observed by passing a strong light 
through the slices, or by eutting a number of representative 


pieces. 
RESULTS AND DISCUSSION 


Factors governing transfer of sulfur dioxide in 
apple tissue. The SO, content of the fruit is at its 
peak immediately after dipping and decreases during 
subsequent operations. The general effect of changes 


“SO. gas was used in preparation of the dip solution only 
for tests shown in Table 2 and Figure 3. In all other tests, dip 
solutions were made to the desired strength using one part of 
sodium bisulfite (assayed as 58.5% SOs) to one-half part citric 
acid monohydrate, giving approximately equal weights of SO, 
and ecitrie acid. The bisulfite dip solutions containing 4000 ppm 
SO. had a pH of 2.9-3.0. Sulfur-free dip solutions contained 
1% NaCl plus 1% citrie acid. 


SECTOR 
DAMPERS 


ORYING 
TRAY 
| 
FRESH AIR 
z i 
AIR FILTER HEATING CC BLOWER 


Figure 1. Experimental through-flow dryer. (Airflow is 
adjusted to either upflow or downflow, by opening the proper 
dampers). 


in processing variables on the SO2 content of apple 
pieces is shown in Table 1. The SO2 content and 
penetration into the fruit can be adjusted by manipu- 
lation of the processing variables as shown in Table 1. 
Adjustment of the dip concentration was the most 
effective and convenient method of controlling the 
initial SOs. content of the fruit (see Figure 2), al- 


TABLE 1 


Effect of processing variables on sulfur dioxide movement in 
apple tissue 


Effect on apple pieces' 


Variable and direction of change S80, $0, 
content penetration 

SO, conc in dip, increase... +++ +4 
Dip time, increase............. + + 
Dip temp, increase............ en + + 
Piece size, decrease............... +4 
Hold time, increase............. ++ 2 t+4 
Drying temp, increase....... 
Drying humidity, increase*.... ++ 
Blanch time, increase.............. —?2 None 


1 Minus and plus signs indicate a decrease or increase, respectively ; 
greater magnitude of change is indicated by a larger number of plus or 
minus symbols, 

2 SO, content of the dehydrofrozen product 

* From results of earlier work 


though dip time was also important (Figure 3). 
Raising the dip temperature from 72° F to 100° F 
only slightly inereased the penetration and final level 
of SOs (Table 2). 

The sulfur dioxide content of the dipped fruit de- 
creased during holding on open trays (Figure 3) but 
remained substantially constant when the baskets of 
slices were held in closed containers to eliminate 
volatilization. Draining of dip solution during the 
hold period appeared to be insignificant. However, as 
the predrying hold period was increased, penetration 
of SO, into the piece was improved and less SOg was 
lost during drying (Table 2 and Figure 4). An addi- 
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Figure 2. Sulfur dioxide content of apple wedges before 
and after drying. 
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A . EFFECT OF HOLD TIME ON SO, CONTENT OF 
Effect of dip temperatures and hold time on SO, content WmEsAP APPLE WEDGES AFTER CRYING 
(Winesap, 1/12 wedges, dried to 50% w.r. at 180° F) ee 
Dip conditions Hold SO, content, ppm SO, lost 2 aa 
time during 
Time, Temp, —| Before After drying 
min °F ppm Min drying? | drying* % = 
2 72 1850 280 55 sO g 
2 1900 30 155 75 52 | a sooo 
72 1050 60 205 130 37 4 100 
2 100 60 220 150 32 
Si u sooo te 
SO, gas used in the dip solution 
2 After “open” hold period 
* Converted to single-strength basis z | 
tional benefit of longer hold time was that it was $ — 
possible to shorten the drying time by using higher 7 
drying temperatures, since the apples were better pro- 

tected by the increased penetration of SOs. #5 
igure 4. Sulfur dioxide content of apple wedges after 

- and during baking the product into pies are shown in drying—effect of wedge sise and hold time. 


Table 3. The fractions of SO. remaining in the fruit, 


based on the initial SO, content after dipping, are as 
follows: 15-40% after drying, 10-30% after blanch- 
ing the double-strength fruit, and only 3-10% after 


SO, CONTENT OF WINESAPS vs 


= 300 OW TIME G& HOLDING TIME (OPEN) baking the dehydrofrozen product into pie. The deci- 
3 = 1700 50, mation of the sulfur content during processing and 
nai Le baking is an important fact. It indicates that apple 
3 g 
pieces may have a wide range of SO. contents after 
different dipping treatments, and yet the residual 
sulfur in the final baked product need not exceed the 
es ea oe - desirable limit. The processor must know how to select 
and adjust processing conditions to control residual 
a a a ee . sulfur in the product. For example, high initial sulfur 
oe sid oo ee content in the dipped fruit can be corrected by 
es shortening the hold time, by drying at higher tem- 
peratures, or by blanching after drying. Conversely, 
60 if low-concentration dip solutions are used, or if the 
a Figure 3. Sulfur dioxide content of apple wedges before fruit is not re adily pe netrated by SOs, hold times may 
Md drying—effect of dip time and hold conditions. be extended, or piece size may be reduced. If the pre- 
a TABLE 3 
vo] Losses of SO. in dehydrofrozen apples during processing and pie baking 
SO, content of apples, *‘As is” basis 
Cut? Dipping Holding Drying Blanching Baking } % 
Time, SO,, Time Open or | Before, After, After, | so Pie so SO, 
| min ppm min closed ppm ppm tour ppm | lost | ppm Seek left 


1 w 5 8750 60 265 170 68 25 71 10 
2 WwW 3900 30 205 140 66 130 7 
Ww 1950 30 200 110 73 
| 4 w 12 6000 30 0 675 ones 
Hee 5 Ww 12 3 6000 60 0 580 355 69 215 39 
6 Ww 12 6000 120 0 645 455 65 eave eons cose 
‘| 7 Ww Yo } 6000 180 0 670 505 62 305 40 70 72 10 
8 Ww 3 6000 60 715 430 70 
10 Ww Ye 3 6000 180 oC 830 560 66 ‘ eoee 85 70 10 
11 Ww Me 3 2000 60 o 250 120 76 80 33 anita : 
2 Ww Ye 3 2000 180 oO 230 195 58 120 39 10 90 4 
18 Ww %” D 3 2000 30 oO 290 145 75 105 28 
a l4 YN Yo 3 3900 30 0 340 185 73 105 43 
15 YN Yo 3 6000 30 oO 435 215 75 110 49 ooes 
- 16 YN Vo 3 6000 60 c 675 360 73 165 54 302 04 5 
17 YN %” D 2 4000 30 oO 680 320 76 110 66 ae bal : 
2 18 YN %” D 2 2000 5 0 310 a5 86 ese 10 77 3 
19 RB VY ; 4000 30 0 335 145 78 125 16 20 72 6 
20 RB Ve 4000 60 150 jon 160 33 
21 RB 3 4000 60 0 wes ones 202 


'“D" indicates dice; all others were wedge cut 
? Pies made from blanched samples. All other pies were made from unblanched samples. 
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ceeding changes are not practical, drying temperatures 
must be reduced. The fruit may be blanched after 
drying to prevent darkening during defrosting. This 
technique of adjusting processing variables and using 
them in different combinations may be illustrated by 
an actual example: The Yellow Newtown apples used 
in these tests were immature and difficult to dehydro- 
freeze without browning. Increasing the sulfur con- 
tent by adjusting the dip and hold conditions, and 
reducing the drying temperature, corrected the diffi- 
culty. However, equally good results were obtained 
in control of discoloration simply by eutting the fruit 
into slightly smaller pieces (Table 4). There was 
marked improvement in penetration of SO» in the 
smaller cut size. Use of smaller cuts offers other ad- 
vantages, such as shorter drying (see Figure 5) and 
blanch times, higher packaging density, and improved 
reconstitution. Use of smaller cuts is suggested pri- 
marily as an expedient to maintain product quality in 
difficult cases; however, it may be found that some 
users of dehydrofrozen fruit will prefer the quicker. 


TABLE 4 


Effect of cut size on development of brown centers 
(Yellow Newtown) 


Dip Hold Drying 

rime, SO, vane emp, | Time 
min F 


min ppm min 


Brown 
centers, 


G 


Cut size 


Wedge 4000 1R0 
Ye Wedge 3 4000 180 
Yo Wedge 3 4000 170 
dice 2 1000 170 


reconstituting smaller cuts. Substitution of “4, 
wedges for 4%» cuts is not readily apparent in the 
baked product. 

Drying conditions. ‘Typical through-flow drying 
curves are shown in Figure 5 for a tray loading of 
4.5 lb/sq ft (approximately 3 layers). This is about 3 
times the loading normally used in cross-flow drying 
and approximates that which might be used in drying 
of apple wedges on a continuous conveyor-belt dryer. 
Even with the greater loading, drying times with 
through-flow are about 20% less than with cross-flow. 

Our results, obtainec with inlet air at ambient hu- 
midities of 0.005—0.010 lb H.O per lb of dry air, show 
that high-humidity drying need not be the major 
means of controlling the SO. content of the dehydro- 
frozen product. With proper processing conditions, 
humidity during drying is not eritical. Therefore, 
more freedom may be exercised in selection of drying 
methods or conditions. Dryers of the through-flow 
type are excellent for use in this process, but other 
types of dryers may be found suitable, if properly 
operated. 

Advantages of blanching. Blanching has not previ- 
ously been considered as a required step ° in dehydro- 
freezing, but the advantages in its use are significant. 
First and most important, if there is doubt that the 


* Blanching is always mandatory when only salt and citric 


acid dips are used. 


SO. content or distribution in the double-strength 
product is adequate to protect against later discolora- 
tion, it is good insurance to lightly blanch the fruit 
after drying and prior to freezing. Another advan- 
tage is that 25-30% more double-strength fruit can be 
packed into a given container if the product is 
blanched. Blanehed fruit reconstituted to 87% of 
theoretical when soaked 1 to 2 hr in cold water, com- 


THROUGH -FLOW ORYING 
45 


2 


TEMPERATURE 


RY IN TIME 50% WR MIN 


Figure 5. Through-flow drying-rate curves for apple pieces 
dried to 50% weight reduction for dehydrofreezing. 


pared with 78% for unblanched. However, both types 
reconstituted close to 100% when soaked longer or 
when reconstituted with heating. If blanching is to be 
used, the fruit must be overdried only slightly (to 
about 54% weight reduction) to allow for moisture 
pickup during blanching. Although blanching is not 
ordinarily recommended for fruit that softens exces- 
sively, a good, blanched, double-strength product was 
made from firm, early-season Rome Beauty apples, 
usually considered to be a quick-softening variety. 
Less softening occurs during blanching of double- 
strength apples than when the fruit is in the undried 
form. 

Sulfur-free dehydrofrozen apples. Sulfur-free 
apple pieces, treated 3 min in dip solutions containing 
1% each of sodium chloride and citric acid, required 
lower drying temperatures (max 150-160° F) than 
did sulfur-treated fruit; furthermore, they required 
blanching without long delay after drying. One im- 
portant characteristic of this blanched dehydrofrozen 
product is that the fruit is much firmer than com- 
parable dehydrocanned apples, since the final heat 
treatment is eliminated. 

Reconstitution and use of the product. Dehydro- 
frozen apples may be used in pie formulas exactly as 
are frozen or canned apples, except that the double- 
strength fruit must first be reconstituted with an 
equal weight of water. After 2 to 3 hr of soaking at 
room temperature, most of the water is absorbed. 
Heating shortens the soaking period. To avoid un- 
desirable dryness in pies made from @*hydrofrozen 
apples, the full measure of water must always be pro- 
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vided in the mix, since the rehydration is often com- 
pleted during the baking operation. Extra water may 
be added to produce “‘juicier’’ pies according to cus- 
tomary practice. The formula and technique to pro- 
duce pies according to each baker’s preference are 
best determined by trial. 


CONCLUSIONS 


Use of through-flow drying in dehydrofreezing of 
apples improves operation by eliminating the need for 
maintenance of high humidity in the dryer and by 
increasing drying capacity 3-fold per unit of drying 
surface. 

Control) of initial SO. content of apple wedges pre- 
pared for dehydrofreezing is readily obtained by ad- 
justing piece size, dip conditions, and hold time. How- 
ever, since only 3 to 10% of the initial SO, content 
remains in dehydrofrozen apple wedges after process- 
ing and baking into pie, levels of SOs as high as 
400 ppm in the fruit (before drying) can be used 
safely, if required. 

Two important advantages are realized by the 
blanching of the double-strength fruit prior to freez- 
ing: packaging density is increased 25-30%; and 
tendeney toward formation of dark centers during 
defrosting of products that have been insufficiently 
penetrated by SOs is eliminated. 

Nonsulfured dehydrofrozen apples may be pro- 
duced from fruit treated with salt and citrie acid, but 
drying temperatures must be lower, and the double- 
strength fruit must be blanched before freezing. 
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LEAVENS LIKE CLOCKWORK 


THEN SPRINGS 
INTO ACTION! 


@ Laboratory and field tests continue to confirm 
the excellence of Pfizer's Glucono-Delta-Lactone 
as a chemical leavening agent in baked goods. 

Of specific interest to mix manufacturers is 
G-D-L’s observed low level of activity in storage 
and at the mixing stage. There is very little loss of 
leavening power throughout normal shelf life and 
carbon dioxide release during mixing is slight. The 
gas is developed mainly at the elevated tempera- 
tures of the baking cycle—a distinct advantage 
where a chemical leavening action can be used an 
where long shelf life is a factor! : 

Products leavened with G-D-L have a fine, even 
texture, show excellent volume, and are free of 
unpleasant aftertaste. 

Investigate G-D-L for use in such products as 
MUFFINS, DANISH PASTRY, RAISIN AND OTHER 
BREADS, ROLLS, BREAD STICKS AND PIZZA PIES. 


—— Chas. Pfizer & Co., Inc., Chemical Sales Div. 
ag Be 630 Flushing Ave., Brooklyn 6, New York 
Branch Offices: Clifton, N. J.; Chicago, IIL; 
San Francisco, Calit.; Vernon, Calif.; Atlanta, 
Ga.; Dallas, Tex.; Montreal, Canada 
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Please send me: 


Data 


| Suggested G-D-L 
Formulations 


| 
G-D-L Technical 
| 
| 
| 


| (J A free sample of 
| G-D-L 


a 

af 

| 

A & ° 4 3 
— 7 

SAVES ITSELF 
TILL BAKING TIME... q 
q 

a 
| 

aa 

| 

36A 


D&O proudly presents THE PERFECT 
SEASONING .. . the most scientific 
approach to seasonings, developed at the 
D&O Dry Materials Division. 


PREMIUM QUALITY: 


SPISOSEALS 


SPISOSEALS are a line of powdered spice 
flavors based on spray dried oils and oleo- 
resins, precisely formulated for use as alter- 
nates for crude spices, essential oils and oleo- 
resins, solubilized oils, and dry solubles. 
There is no form of seasoning with finer, 
more well rounded flavor, nor any with such 
ease of handling. 


SPISOSEALS: guaranteed flavor control and 
instant flavor release. Unsurpassable shelf 
life: these “locked-in” seasonings by virtue 
of the impermeability of their structure (tiny 
globules of oil secured each in its own indi- 
vidual casing) are protected against ravages 
of time, spoilage, volatilization. 


SPISOSEALS: water soluble; completely and 
uniformly dispersible, both in dry products 
and in aqueous liquids where emulsion quali- 
ties set up a colloidal suspension system assur- 
ing permanent dispersion. 


SPISOSEALS: stable, will not dry off — 
proved by analysis. Free from contamina- 
tion, will never speck or discolor product. 


SPISOSEALS may be custom formulated to 
replace any blend of spice flavors you are 
now using ... We invite processors of quality 
food products to sample this new line of pre- 
mium quality seasonings. Send your request 
to D&O Dry Materials Division, 249 Goffle 
Road, Hawthorne, N. J. 


Write for copy of SPISOSEALS brochure 


Dodge & Olcott Inc. 


SEVENTY-FIVE 9TH AVENUE. NEW YORK 11. N.Y. 


FLAVOR BASES « ESSENTIAL OILS 
AROMATIC CHEMICALS Saies Offices in Principal tties R 161st YEAR OF SERVICE 
DRY FLAVORING MATERIALS 
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Notes and Letters 


Marsovs FOR MAKING fruit and 
vegetable juice powders have been under study for 
some years at the Western Regional Research Labora- 
tory of the U. 8S. Department of Agriculture. Vacuum 
puff drying and spray drying have both been studied 
extensively (1, 2). The most recent development is 
foam-mat drying, first reported last year. Foam-mat 
appears to offer advantages over other available 
methods and is being studied intensively with a view 
to putting it on a practical production basis. 

Many liquid foods, when converted to stable foams, 
can be dried rapidly in air to yield instant powders 
(4, 5) of good quality. The rapid drying is due to 
moisture movement by capillarity in the liquid films 
separating foam bubbles. (See Figure 1). Instant re- 
constitution results from retention of the honeycomb 
structure in the dry solid. (See Figure 2.) Suitable 
foams are made possible by the use of small amounts 
of edible stabilizers. 

Foam stabilizers. The most successful foam stabi- 
lizers found in our studies are solubilized soya protein, 
albumin, sucrose fatty acid esters, and glyceryl mono- 
stearate. The soya protein or albumin may be used as 
10% water solutions added to the cold food before 
whipping. Sucrose monostearate can be dissolved in 
warm ethyl alcohol and used in the same way. The 
most versatile stabilizer, glyceryl monostearate (GMS) 
is particularly dependent on proper dispersion. Sev- 
eral effective methods of dispersion have been found. 
If one part of GMS is added to nine parts of 170° F 
water, and the mixture is violently blended for a few 
seconds, a stiff emulsion is formed. If this emulsion is 
kept at 120°-130° F, it remains dispersible for several 
days. The emulsion then can be added to the cold food 
just before whipping to insure a stable foam. Another 
method of GMS dispersion involves warming the fluid 
food to 170° F,, mixing in the solid GMS in the absence 
of air, and cooling the mixture to room temperature. 
Foams can then be produced by whipping this mix- 
ture, or a dilution of the mixture with the original 
food, in the usual way. For most products 1% 
stabilizer on the dry basis is enough. If the liquid has 
a low consistency, and especially if it contains no 
suspended solids, relatively more stabilizer is needed. 

About 5 minutes’ beating with a motor-driven wire 
whip produces good foams from the proper ingredi- 
ents. On a larger seale, the food mixed with stabilizer 
can be pumped to a tee, where compressed gas is intro- 
duced, and then passed through a closed mixer. This 
method has the advantage of facilitating the use of 
gases other than air. 


Recent Developments in Foam-Mat Drying’ 


Figure 1. 


In the original trials of foam-mat drying (4), the 
foams were spread on a Teflon or Mylar coated belt in 
14-inch layers and conveyed through a warm air 
stream. Most foods required about 60 min in 160° F 
air to dry to 2% moisture. Under these conditions air 
velocity and humidity had no appreciable effects on the 
time required. The limiting process was the transport 
of water within the product to a free surface at which 
it could evaporate. Therefore, steps were taken to re- 
duce the mean distance to evaporative surfaces. 

The foam was extruded in g-inch to Y%-inch 
diameter spaghetti-like strips onto the belt. Drying 
rate was augmented by heaters under the plate sup- 
porting the belt. These changes reduced drying time 


“Presented at the Twentieth Annual Meeting of Institute 
of Food Technologists, San Francisco, California, May 17, 1960. 


Figure 2. 
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to about 15 min. The dry product was difficult to re- 
move from the belt in some cases, and it was not 
possible to load the belt very heavily. Nevertheless, 
this form of dryer is satisfactory as a sample maker 
and is so used at the Albany, California, laboratory. 
About 0.1 lb per hr of product can be expected from 
each square foot of active belt surface used. 

The crater technique. We have more recently de- 
vised a method which has resulted in a very consider- 
able improvement. This variation in foam-mat drying 
has been called the crater technique. 

In the new method, a layer of foam is spread on a 
perforated metal tray. A controlled air blast is 
directed through the tray from below in such a man- 
ner that the foam in and above the perforations is 
spread aside but not splattered off the tray. (See 
Figure 3.) Drying air is then passed through the per- 


PERFORATED 
SHEET 


AIR BLAST 


Figure 3. Detail of cratering technique. 


forations from the bottom until the cratered layer of 
foam is dry. 

Foam-mat drying by this method has several ad- 
vantages. Because of the large surface exposed to the 
air stream, most of the water is removed from the 
product in a very short time. The dried product can 
be readily doctored off the trays and the trays can be 
returned to the eycle without washing. The dura- 
bility of trays is better than that of the belt previously 
used. 

A workable set-up for foam-mat drying by the new 
method is easy to design. Several practical schemes 
have been suggested that would permit continuous and 
automatic loading of trays, conveying them through a 
dryer, removing the dry product, and reeyeling the 
trays to the feeder. About 0.5 lb of product per hr per 
active square foot of tray area installed can be ex- 
pected from the proposed systems. 

In the specific example of the new technique shown 
in Figure 4, flat 16-gage aluminum sheets, commer- 
cially perforated with Yg-inch holes on *4,4-ineh cen- 
ters, were used as trays. This arrangement gave 40% 
open area, The trays were loaded with a Y-inch layer 
of foamed 30% tomato paste. After loading, the trays 
were moved across a slot through which air was moving 
at 150 ft per sec. This air stream cleared each hole and 
produced craters in the foam on the upper side. The 
trays were then moved through the dryer. Air was 
passed at 3 ft per see in a direction parallel to the 
movement of the trays, passing through each tray 
from the clean to the loaded side. The dry air at 
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Figure 4. A scheme of crater foam-mat drying. 


200° F flowed first through the wettest tray and then 
through the preceding two trays in order. The pres- 
sure drop per loaded tray was less than 0.1 inch of 
water. On leaving the driest tray, the air had been 
cooled by the tomato foam to about 130° F and raised 
to 25% relative humidity. At this point the tray was 
moved to a countercurrent section in which dry air at 
130° F flowed at 2 ft per see through the driest tray 
and on through the following wetter trays. The 
product containing 2% moisture was doctored off the 
trays and packed. 

The main, or coneurrent, dryer section removed 
80% of the moisture in 3 min. Product quality is 
maintained by keeping product temperature low and 
exposure time short. Furthermore, increasing air hu- 
midity prevents damage from local overdrying of the 
surface layer in the concurrent stage. 

In order to achieve a moisture content satisfactory 
for packaging, the final product was exposed to a slow 
stream of fresh warm air in the countercurrent stage 
for 9 min. In this stage, quality loss is avoided by the 
use of relatively low temperatures. Use of dehumidi- 
fied air for drying is unnecessary for most products, 
although cooling and packaging should be done at a 
relative humidity below 10%. 

Applications numerous. The foam-mat process can 
be applied to numerous commodities, with minor modi- 
fications of method. Storage life of products, however, 
has not been determined under various practical 
conditions. 

Orange juice can be foamed with GMS using the 
warm emulsion technique. The 55-65% solids concen- 
trate is preferred as a starting material. The dry 
powder has a fresh unburned flavor and odor. When 
good orange oil enclosed in amorphous sugars is added 
to the product, a very good juice is produced on recon- 
stitution (6). Less than 10% of the ascorbie acid is 
lost in the drying step. 

Tomato paste, preferably with 30% solids, can be 
foamed with GMS, using the warm emulsion tech- 
nique. Instant tomato powder free of burnt flavor and 
odor can be made by the crater method. 

Pineapple juice concentrate of 40% solids content 
is foamed with the help of modified soya protein solu- 
tions. The product has desirable properties on 
rehydration. 
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To dry white potatoes by the foam-mat process— 
potatoes are peeled, sliced, and blanched for one hour 
at 190° F. They are mashed uniformly, and some 
water is added to reduce consistency. The GMS warm 
emulsion is added and the foam-mat process carried 
out as usual. The solid has a fairly low density and 
reconstitutes instantly even in cold water to mashed 
potatoes free of pasty texture. 

Various baby foods, including pear puree, green 
beans, sweet potato, and chicken soup, have been dried 
from the single strength condition. For this purpose, 
GMS was used with the warm emulsion and warm 
product techniques. 

Coffee extracts of 30% solids can be foamed and 
dried with the help of sucrose monostearate. Only 
0.2% SMS on a dry basis should be used. The result- 
ing powder has good aroma and is also instant in ice 
water. 

Prune, apricot, and strawberry purees, and apple- 
sauce, can be foamed by the GMS warm product 
method. A fruit processor could use existing tunnel 
dryers for the purpose of drying the foams. Poly- 
ethylene film has been stapled to plywood panels 
which were cut to fit a standard tunnel dryer. The 
foams were spread on the polyethylene in a thin layer 
by a simple feeder. This is given only as an example 
of the adaptability of the process to special conditions. 

Pectin, pectin-sugar, and starch have been dispersed 
in water and foamed with GMS warm emulsion. When 
dried, these powders have been found much more 
readily dispersible, although more aerated, than the 
original materials. 

Grape, lemon, apple, and prune concentrated ex- 
tracts and molasses have been foamed with GMS using 
the warm product method or with modified soya pro- 
tein. These powders have been satisfactory except for 
their tendency to eake. Prune whip powder has been 


produced, relying on the albumin content for foam 
stability. Peach puree can be foamed with albumin. 
The foam-mat method has been made more practical 

by improvement in methods of foam stabilizing and by 
an improved drying technique. Promising applica- 
tions include orange, tomato, pineapple, potato, baby 
foods, whole milk, coffee, apricot and prune purees, 
apple sauce, and instant carbohydrate products. Work 
on adaption of drying techniques to obtain the best 
quality in each commodity and on storage stability is 
continuing. 

A. I. Moraan, R. P. Granam, 

L. F. Ginnerre, Anp G. S. WiLLiAMsS 

Western Regional Research Laboratory 

Western Utilization Research and De- 

velopment Division 

Agricultural Research Service 

U. 8. Dept. of Agriculture 

Albany, California 
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Research Papers for IFT Journals 


GENERAL POLICIES 


Typing and Submittal. Typing 
should be double-spaced throughout 
(including reference list, footnotes, 
tables, and legends). Use a good grade 
of bond paper. Margins should be at 
least one inch on all sides. Number 
the pages. Submit manuscripts in 
duplicate. Keep a third copy for your 
files. 


Form and Style. Manuscript sub- 
divisions will normally consist of : 


Summary. Clear, concise, and factual 
abstract of the paper—no longer 
than 3% of text. 


Introduction. Concise account of why 
study was undertaken. 


Literature Review. Brief review, di- 
rectly related to investigation. 
Cite by author(s) and year of 
publieation. 


Experimental Methods. 
methods, equipment, and mate 
rials. Avoid repeating previously 
published details, unless modifi 
cations are extensive. Indicate 
specifie experimental design and 
justify its use (unless obvious). 


Describe 


Results and Discussion. Clear, con- 
cise account of findings and their 
interpretation. Data should be 
presented in the form that is 
briefest and clearest. Many times 
this is best done with tables. 
graphs, and charts. Limit diseus- 
sion to subject; avoid unsup- 
ported theories and speculations. 


TECHNICAL DETAILS 


1. References. 


a) In the text. Cite (in paren- 
theses) by author(s) and year 
of publication. Use et al. for 
more than two authors. Items 
in a single year by identical 
author(s) should be distin- 
guished by adding a, b, ete. 


In the reference list. Under 
“References” list in alphabet- 
ical order at the end of paper. 
List all authors. The reference 
list should be typed double- 
spaced throughout. Examples 
follow: 


Grorce Stewart, Executive Editor 


Patent citation: Cole, G. M., 
and R. E. Cox. 1938. Method 
of treating pectin. U. S. 
Patent 2,109,792. 

Journal citation: Banfield. F. H. 
1935. The electrical resist- 
ance of pork and _ bacon. 
J. Soc, Chem Ind 9 54, 

Bernard, C. 
1877. Lecons sur le diabete 
de la glyeogenese animal. 
J. B. Billier & Fils, Paris, 
p. 576. 

Bulletin citation: 1) Bull, S., 

and H. P. Rysk. 1942. Effect 
of exercise on quality of beef. 
Illinois Agr. Expt. Sta. Bull. 
No. 488, p. 105. 
2) Haines, R. B. 1937. Mi- 
crobiology in the preservation 
of animal tissues. Food In- 
vest. Board. Special Rept. 
No. 45 H. M. Stationery Of- 
fice, London. 

Thesis citation: Hoover, S. R. 
1940. Physical and chemical 
study of ovomucin. Ph.D. 
Thesis. Georgetown Univer- 
sity Library, Washington, 
D.C. 

Unpublished citation: Smith, 
John. 1947. Unpublished 
data. University of Califor- 
nia, Davis. 


Journal titles should be abbrevi- 
ated according to the style 
given in List of Periodicals ab- 
stracted by Chemical Abstracts 
(1956). 


2. Abbreviations. The following are 
acceptable abbreviations : 


ampere . - . - amp 
Angstrom units . - A 
atmospheres - - - atm 
average - . av 
avoirdupois - - - avdp 
boiling point — - - . - bp 
Centigrade - . C 
centimeters - em 
eubie centimeters - - - ee 
cubie millimeters - mm’ 
dextro D- 
effective dose, 50% - . ED, 
et alii - - - - - et al. 


Fahrenheit 

figure 

foot 

gallon (U.S.) 
gram(s) 

gravitational constant 
hour 

inch 

kiloealories 

kilograms 


least significant difference 


lethal dose, 50% - 
levo- 
liters 
logarithm (common) 


logarithm (natural) 


melting point 
meter 

mierogranis 

mieron 
milliamperes 
milliequivalents 
milligrams 
milliliters 
millimeters 
millimeters of mereury 
millimierons 
millimoles - 
milliseconds (time) 
millivolts 

minutes 

molar 


molecular weight 
normal 
ounce 


parts per million 
percent 
pound 


refractive index 


roentgen 


seconds 

specific rotatory power 

square centimeters 

statistical significance 
@ 5% level 


Cc 


(@ 1% level 


ma 
meg 
mg 

ml 

mm 
mm Hg 
my 
mM 
msee 
mv 
min 

M 

mol wt 
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(Continued from page 12 preceding technical section) 
eated they would not use cake mix. (Interestingly 
enough, the proportion of homemakers who would not 
use cake mix decreased from the age group under 30 
to the group 40-49 years old, and then increased as 
age increased. ) 

More than 90% of the consumers who would serve 
angel food cake would be willing to serve a cake made 
from a mix at either a church supper or to the hus- 
band’s boss. And more than 96% would be willing to 
serve an angel food cake made from mix to their 
family. The indication is that the conflict between 
self-esteem or status values and convenience may, over 
time, be resolved in favor of the convenience value. 
This is particularly true of an item like cake, since 
the homemaker can add her own touch through a 
special type of frosting or decoration. It is also proba- 
ble, however, that the importance of convenience is so 
strong in the minds of some homemakers that they are 
quite willing to inform their guests that the eake was 
made from a mix. 

REFERENCES 
. Bayton, J. 1958. Motivation, cognition, learning—basie 
factors in consumer behavior. Journal of Marketing, 


2. Jonn, M. E. 1956. Classification of values that serve as 
motivators to consumer purchases. Journal of Farm 
Economies, 38, 956. 

3. NOLAN, Francena L. 1953. The nature of attitudes, values, 
and preferences and their application to housing re 
search. Papers on Research Methodology, New Jersey 
Agr. Expt. Sta. Bull. No. 776 and Northeast Regional 
Publ. No. 20. 

. Smirn, Hvuew M. 1955. Merchandising studies in super 
markets—apples, lettuce and tomatoes. AMS-18, U. 8. 
Dept. Agr. 


INDUSTRY 
BULLETINS 


Tape programming, utilized for in-process stream 
analysis by chromatography, is described in a four- 
page bulletin now available from Mine Safety Appli- 
ances Company, Pittsburgh. The literature features 
a new gas chromatograph that is believed to be con- 
siderably more accurate than conventional mechanical 
cam timers. In addition, the unit is said to have a 
higher degree of stability in column temperature, and 
permits either bar graph, spectrum, or manual chro- 
matographie presentation. Copies of the bulletin— 
No. 0714-5—may be obtained by writing: Mine Safety 
Appliances Company, 201 North Braddock Avenue, 
Pittsburgh 8, Pennsylvania. 


A new bulletin from The Pfaudler Co. describing a 
wiped film evaporator illustrates how the ultrathin, 
uniform film produced by mechanical wiping of the 
evaporating surface results in substantially higher 
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volume and quality production than can be obtained 
with standard evaporating equipment. The wiped 
film evaporator is designed for use with products that 
are heat sensitive, highly viscous, or low in thermal 
conductivity. Highlighted features of the unit dis- 
cussed in the new bulletin include: (1) slotted wiper 
blades which accelerate the movement of even highly 
viscous materials down and off the heated evaporating 
wall and prevent channeling and formation of ‘‘ prod- 
uct curl’’ in front of the wipers, (2) short contact 
time from a fraction of a second for free-flowing ma- 
terials to a few seconds for highly viscous ones. The 
new bulletin contains a cut-away view of the unit 
showing ithe relation of heating jacket, wiper blades, 
entrainment separator and internal condenser. Speci- 
fications for 12” and 36” diameter models are in- 
cluded as well as a brief description of evaporating 
eyele. Copies of Bulletin 991 may be obtained by 
writing to The Pfaudler Co., 1120 West Avenue, 
Rochester, New York. 


A new twelve-page brochure published by Indus- 
trial Nucleonies Corporation describes the principles 
upon which continuous, non-contacting measurement 
of fluids in pipes is achieved. Titled ‘*‘ Aceu-Ray Con- 
tinuous On-Stream Composition Analysis,’’ it outlines 
how AccuRay Composition Analysis Systems use 
radioisotopes to detect changes in specific gravity, 
percent solids, concentration, or related quantity of 
materials conveyed in pipes. Also included in the 
brochure are sections devoted to the economie justifi- 
cation for this type of equipment, descriptions and 
drawings of the system components, and applications 
data. To obtain a copy, write for Bulletin CA-860, 
Industrial Nucleonics Corporation, 650 Ackerman 
Road, Columbus 2, Ohio. 


A new 19-page publication listing several hundred 
compounds exhibiting fluorescent characteristics is 
now available as a guide to identifying solutions 
through their fluorescent properties. The publication 
lists compounds, activation and fluorescing wave- 
lengths, pH values, and ultimate sensitivities [{con- 
centration in micrograms-per-milliliter producing a 
useful (10% full-scale) meter deflection at maximum 
sensitivity]. The list is available without charge from 
the American Instrument Co., Inc., 8030 Georgia 
Avenue, Silver Spring, Maryland. 

A new accessories bulletin for Beckman DK Spec- 
trophotometers has been published by the Scientific 
and Process Instruments Division of Beekman Instru- 
ments, Ine., Fullerton, California. Accessories de- 
scribed in the brochure adapt DK Spectrophotometers 
to the requirements of such analyses as flame pho- 
tometry, fluorometry, reflectometry, spectroradiome- 
try, colorimetry, solid phase studies, reaction rates 
studies, and turbidity observation. 
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Write for Bulletin #442. 


PROCTOR & SCHWARTZ, INC. 


Philadelphia 20, Pa. 


COMPLETE 
WITH 
SINGLE 
ELECTRODES 
OR PROBE 


Get this full-fledged pH Meter of remark- 


able accuracy and stability — simple %, 
operation and maintenance — fast a 


dependable in service 


lable: Complete 


Aeters ection 


and Gloss Meters @ Densitometers & Recorders 
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Industry News 


Claricol, a semi-fluid erystal in- 
hibitor for use in extending the 
Cold Test of edible and non-edible 
oils and oil products; and, for use 
in winterizing these oils, is an- 
nounced by Beacon Chemical In- 
dustries, Ine. Beacon claims that 
use of Claricol assures that salad 
oils, cooking oils, mayonnaise, and 
salad dressings remain crystal-free 
longer under colder conditions, and 
does not affect flavor, stability, 
color, or smoke point. Addition of 
9.03 to 0.04% Claricol to cotton- 
seed salad oil quadruples the AOCS 
Cold Test on a typical oil according 
to Beacon. Experimental samples 
requested on company letterheads 
are available from Beacon Chemi- 
eal Industries, Ine., Richdale Ave., 
Cambridge 40, Mass. 


A new model, the Cowles Dis- 
solver Model 5-VTV, has been 
added to the Morehouse-Cowles, 


CONFECTO-JEL 
Especially made for 
Jellied Candies 
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Inc., line of equipment for mixing, 
dispersing and deagglomerating. 
Basie new feature of the 5-VTV is 
the variable speed drive system 
with a range of from 1800 to 5400 
rpm and allowing for quick changes 
of speed while in operation. De- 
signed for small production, pilot 
plant operations and R & D facili- 
ties, the 5-VTV is said to be adapta- 
ble to eritieal dispersing and mix- 
ing problems over a wide range of 
processes and materials. It is also 
said to be capable of handling a 
wide range of viscosities up to 
50,000 centipoises in 5 to 40 gallon 
batches. For full information on 
the Model 5-VTV or other More- 
house-Cowles equipment, write 
Morehouse-Cowles, Ine., 1150 San 
Fernando Road, Los Angeles 65, 
California. 


The Diversey Corporation an- 
nounees a portable, compact spray 
cleaning unit for storage tanks. 
The unit can be installed in a mat- 


better product 
consistency and 
quality for 
over 40 years 


@ Adaptable to wide range of PH 
levels. 

@ Neutral color and flavor—blends 
naturally with more different fruits 
than any other pectin. 

e@ Gives product resiliency to avoid 
breakage during shipping. 

@ Improves spreadobility of jams, 
jellies and preserves. 

@ Standardized to uniform strength 
so that product always has the 
same consistency. 


Write. wire or phone for full 
information, technical advice, or 
location of nearest warehouse. 


SPEAS COMPANY 
GENERAL OFFICES * KANSAS CITY 20, MO. 


ter of seconds, and cleaning takes 
no more time than with per- 
manently installed units, according 
to the company. D-Spra 700, as the 
unit is designated, weighs less than 
15 pounds and is completely ad- 
justable for various size openings. 
Diversey also claims that it has the 
effective vertical and horizontal 
range required to clean the vast 
majority of storage tanks, while de- 
livering a high volume of cleaning 
solution at relatively low pressure. 
For more information about the 
D-Spra portable spray cleaning 
unit, write the Diversey Corpora- 
tion, 1820 W. Roscoe Street, Chi- 
cago 13, Illinois. 


Recently introduced is a new 
instrument capable of exciting, 
measuring, and recording phos- 
phoreseence of compounds. The 
instrument, the Aminco-Keirs Spec- 
trophosphorimeter, permits excita- 
tion of compounds and measure- 
ment of resulting phosphorescence 
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science 


ity to create and produce a seasoning 
your exact needs, plus the assurance 
; in compliance with Food Additive 
[S A SCIENCE AT STANGE. 
bility and versatility to produce 
zs such as Soluble, Liquid, 50-A 
yund” and Ground for all types of 
products JS A SCIENCE AT 
E. 
echnical skill to control the flavor 
of each and every shipment to pre- 
cifications—IJS A SCIENCE AT 
E. 
alent to create . .. the skill to 
. and the flexibility to fit your 
S THE MOTTO AT STANGE. 


NM. J. STANGE CO., Chicago 12, Ill. 
Paterson 4, N. J.—Oakland 21, Calif. 

da: Stange-Pemberton, Ltd., Toronto, Ont. 
exico: Stange-Pesa, S. A., Mexico City 
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Cream of Spice Soluble Seasoning® 
Peacock Brand Certified Food Color® 


PaINTED In US 


¥ 
ia 
| 
| 
Al 
2 
: : 1 
i 
| 
= 


throughout the ultraviolet and visi- 
ble regions. Theory of operation 
is based on the fact that innumer- 
able organic molecules phospho- 
resce when excited by ultraviolet 
light, provided these compounds 
are dispersed in suitable media. 
These phosphorescences are unique 
in regard to their spectral frequen- 
cies, lifetime, and spectral-vibra- 
tional patterns. Consequently, re- 
cordings may be used to identify 
various components in compounds 
of unknown composition. The in- 
strument also quantitatively ana- 
lyzes phosphorescent compounds 
according to Aminco. Bulletin 
2334, free upon request from the 
American Instrument Company, 
Inc., 8030 Georgia Avenue, Silver 
Spring, Maryland, provides full 
information and applications of the 
Spectrophosphorimeter. 


Bausch & Lomb has announced 
development of a new Serum Pro- 
tein Meter which it claims will 
provide accurate protein analyses 
in as little as one-tenth the time 


required by chemical methods. 
Analyses for protein in serum can 
be run in three steps: (1) Sample 
is centrifuged and serum placed in 


one or two sample cells. (2) Dis- 
tilled water is put into second sam- 
ple cell and placed on instrument, 
which is then ‘‘zeroed.’’ (3) Sam- 
ple cell containing serum is set on 
protein meter, which reads, direct- 
ly, protein grams per 100 mm. 2.5 
ml of serum are needed for accurate 
determination, and no temperature 
controls are required other than 
equal temperatures for both sample 
and distilled water. Readings are 
referred to the index of refraction 
of water. The instrument’s eye- 
piece reticle contains two scales: 
one provides readings in serum pro- 
tein directly to 0.1 gram (range: 
0 to 12 grams per ml), the other, 
reading in refractive index differ- 
ence, covers a range of 0.0234, and 
is useful for making independent 
correlations between refractive in- 
dex and other properties of solu- 
tions. A pair of special glass sample 
cells with plane-parallel bottoms 
is supplied with each instrument. 
These eliminate direct contact with 
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the serum, thereby reducing chan- 
ces of sample contamination. The 
serum can be recovered for further 
analyses, and the sample cells 
cleaned by standard lab methods. 
Retail price for the B&L Serum 
Protein Meter is $175. Further 
information is available by writing 
to Bausch & Lomb Incorporated, 
Rochester 2, New York, requesting 
bulletin #D-2013. 


A new recording differential re- 
fractometer offered by Waters As- 
sociates, Framingham, Massachu- 
setts, enables, according to the 
manufacturer, measurement of ex- 
tremely small differences in the 
index of refraction of liquids for 
process monitoring, quality control, 
and pilot plant studies. This new 
Differential Refractometer meas- 
ures index of refraction changes 
as small as 0.0000007 index of re- 
fraction units, and requires no 
more space than a strip chart re- 
eorder. The analyzer section is 
mounted within a standard strip 
chart recorder, thereby combining 
an analyzer and recorder in one 
unit. Other features claimed are: 
full seale ranges as narrow as 
0.0003 and as broad as 0.16 index 
of refraction units; zero drift of 
less than 0.000003 refractive index 
units per 24 hours; batch or con- 
tinuously flowing sample analyza- 
tion with the instrument insensitive 
to changes in both ambient temper- 
ature and sample temperature. For 
complete description and details, 
write: Waters Associates, 45 Frank- 
lin Street, Framingham, Massa- 
chusetts. 


Beckman Instruments announces 
its new Model 930 Air Comparison 
Pyenometer, which is designed for 
rapid measurements of volume, den- 
sity, and porosity of irregular, 
powdered, or porous solids. It re- 
quires no liquids, gas pressure de- 
termination, or temperature con- 
trol according to Beckman, and it 
is said to provide true volume meas- 
urement for specific gravity and 
density in such applications as min- 
eral identification, chemical mix- 


ture and determination, and por- 
osity determinations of sintered 
and porous materials in less than 
one minute. For further informa- 
tion, write to the Technical Infor- 
mation Department, Beckman Sci- 
entific and Process Instruments 
Division, Fullerton, California, for 
a copy of Bulletin 786. 


A new type of machine for high- 
precision continuous weighing of 
loose, free-flowing granular solids 
has been developed by The Exact 
Weight Seale Company, Columbus, 
Ohio. Operation of the fully auto- 
matic machine is based on accurate- 
ly net weighed quantities dumped 
at uniform time intervals. When 
placed over a product stream a 
precision scale, with over-and-under 
indicator, weighs precise amounts 
of the additive in a net weigh hop- 
per. An air operated mechanism 
then dumps the additive into a 
small, secondary hopper which in 
turn, feeds the additive into a 
vibratory feeder. From the vibra- 
tory feeder the additive is intro- 
duced into the continuous process- 
ing line in a uniform even flow. 
The machine permits handling of 
products in quantities from 1 oz. to 
3 Ibs. and 3 lbs. to 10 lbs. For ad- 
ditional information on continuous 
weighing machines and systems, 
write to The Exact Weight Scale 
Company, 538 East Town Street, 
Columbus 15, Ohio. 


A new Digital Refractometer 
offered by Waters Associates, which 
makes use of a null meter and 
direct digital readout to measure 
index of refraction changes as small 
as 0.0000005 index of refraction 
units is now available. The instru- 
ment can be set such that 1000 units 
on the digital readout is equivalent 
to a refractive index range as nar- 
row as 0.0005 R.I. or as wide as 
0.2 R.I. Model 107A is provided 
for research investigations in liquid 
chromatography, molecular weight 
measurements, ion exchange studies 
and pilot plant evaluations of new 
products. The research model is 
usually provided uncalibrated and 
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is priced at $695.00. Model 107B ge hs 


is provided for quality control of 


batch or continuous processes. It 

is factory calibrated for a particu- p MORE ACCU RATE. 
lar application and is priced at 

$900.00. For information on these 

digital readout  refractometers, 

write: Water Associates, 45 Frank- 

lin Street, Framingham, Massa- 


chusetts. 


MECCO Instruments introduces 
a new Colormaster Differential Col- 
orimeter. The Colormaster features 
an adjustable zero attachment for 
standardizing the instrument. In 
addition, it features the highest 
accuracy and precision of any type 
of differential colorimeter com- 
mercially available, according to 
MECCO. Readings are given in 
terms of green, red and blue reflect- 
ance values, or X, Y, and Z. Com- 
putations to L, a and b may be 
made with charts or the Colormas- 


ter computer. The Colormaster is 


designed to measure color as re- 
quired in color matching, product 
specification, or studying color fast- 
ness, and achieves the highest pre- 
cision where measurements are be- 
tween a iest sample and a standard 
color. For complete information 
write for Bulletin No. CM-1200 to: 
Manufacturers Engineering & 
Equipment Corp., York and Sun- 
set Lane, Hatboro, Pennsylvania. 


Read accurately to .00003 with the Bausch & Lomb Precision 
Refractometer—three times the accuracy of standard Abbe 


During the month of October instruments! This means dollars and cents savings to you 
1960 Dr. Anthony Lopez, Professor in any quality control operation requiring precision grading. 
of Food Technology, Virginia Poly- . 
technic Institute, spent two weeks Test transparent and opaque samples by transmitted or 
in Spain at the invitation of the reflected light. 1.20np-1.70np range with two 


Ministry of Commerce of that coun- quickly interchangeable prisms. 


try. The purpose of his trip was to And... you get fast, accurate readings year after year because 
give a series of seven lectures on : . . 

hess parts are compensated against wear. (Test prisms, available for 
different food technology subjects. 
a Pate instrument check, certified by U.S. Bureau of Standards. ) 
The lectures were given in the 
cities of Seville, Murcia, Valencia, 
Logrono, and Madrid, all food See for yourself! Mail coupon | BAUSCH & LOMB INCORPORATED 
for information and free | 69013 Bausch St., Rochester 2, N.Y. 
demonstration of today’s most Send me complete data on the following B&L 


complete line of refractometers. | Refractometers: 
C) Precision industrial Hand 
cently initiated by that government High Range Abbe-3L Butyre 


processing centers. The invitation | 

to promote the development of the ~ fe C I'd like @ demonstration of the models checked 


was extended by the Spanish Gov- 
ernment as part of a program re- 


above 


food industry an o improve > 

In Spain Dr. Lopez visited several 


fruit and vegetable processing civ... Z0NE 
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reducer elbow male adaptor 


simplity 
tubing connections with | 
Vari-Grip’ Tefion Fittings 


No need to labor over glass ball 
joints or other intricate fittings or 
connectors with the new Beckman 
Vari-Grip* Teflon Tube Fittings 
Simply insert glass or metal tubing 
into fitting and tighten nut for a 
perfect compression seal. Fitting 
design permits considerable 
variation in tube size. Since Teflon 
is more inert than glass it is 
unaffected by most liquids and 
gases. “~ A complete listing of 
time-saving Beckman Vari-Grip 
Fittings by size, type, and price is 
available from authorized Beckman 
laboratory apparatus dealers 

Or write for Data File 84-1-09. 


/ 
Beckman: 
Scientific and Process / Instruments Division 
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centers. His visit to the newly 
established School of Food Tech- 
nology of the University of Valen- 
cia was especially noteworthy. This 
school offers a good graduate pro- 
gram in food technology. It is the 
first one and only one of its kind 
in Spain. The school is headed 
by Dr. Eduardo Primo Yufera; 
three of its five staff members have 
done graduate work in the United 
States. 


Mr. Ernest 
Wolf has been 
promoted to 
manager of 
chemical sales 
for the interna- 
tional division 
of Baxter Labo- 
ratories, Inc. He 
was formerly 
coordinator of 
commercial de- 
velopment for Baxter’s Wallerstein 
Company division, and came to 
Baxter in 1959 from Olin Mathie- 
son Chemical Corporation where he 
was a technical representative with 
the energy division. Mr. Wolf re- 
ceived a B.S. degree at Queens 
College, Flushing, N. Y., an M.S. 
degree in organic chemistry at Pur- 
due University and an M.B.A. de- 
gree from the University of Buffalo. 


Ernest Wolf 


The Independ- 
ent Grocers’ 
Allianee has 
named John F. 
Farley director 
of its new Qual- 
ity Control De- 
partment. Mr. 
Farley will be 
in charge of gro- 
cery product 
procurement, 
will develop new grocery items and 
will establish quality control prac- 
tices for all IGA products. He 
formerly did new product develop- 
ment work for Libby, MeNeill & 
Libby and for Topeo Associates, 
Ine. He received a Master’s de- 
gree in Food Technology from Pur- 
due University, where he was a 
teaching fellow for two years and 
an instructor for one year. 


J. F. Farley 
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SITUATIONS WANTED 


Unless otherwise specified, particulars on 
the following individuals may be obtained 
by writing: Executive Secretary, Insti- 
tute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. Request by box 
number. 
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Research and development and quality 
control interest man with ten years ex 
perience in the latter. Product prefer 
enee lies within the area of dehydrated 
and freeze dehydrated foods. Salary, 
$8,400. REPLY BOX A-107. 


AVAILABLE: CEREAL CHEMIST 
and FOOD TECHNOLOGIST—twenty 
vears of varied and responsible exp. in 
products control, research and develop 
ment—excellent background in commer- 
cial baking and baking technology 

seeks promising position in Product De 
velopment and/or Teehnical Service. 


REPLY BOX 819. 


Mature individual with a preference for 
and experience in fruit and vegetable 
production and procurement wishes po 
sition involving field work in processing 
crops. Also interested in extension edu 
eation. Salary, $7,000. REPLY BOX 
A-108. 


POSITIONS AVAILABLE 


Unless otherwise specified, particulars on 
the following positions may be obtained 
by writing, including the company name 
of your current employer: Executive Sec- 
retary, Institute of Food Technologists, 
176 West Adams Street, Chicago 3, IIli- 
nois. Request by box number. 


Recent graduate with Ph.D. in Food 
Science desires position in Product De 
velopment, Quality Control, Packaging 
and Preservation of Poultry Products 
or related fields. Salary $8,500. RE 


PLY BOX 825. 


Quality control, packaging, and preset 
vation of poultry products interest new 
Ph.D. in Position prefer 
ences alse include produet development 
and industry or academic research. 
Salary, $8,000. REPLY BOX A-639. 


food science. 


FOOD TECHNOLOGIST. 

required. For heat 
and technology of canned 
nical consultation and service 
volving travel. No 
necessary. Eastern 


BOX 826. 


B.S. Degree 

processing 
Tech- 
work in- 
experience 


REPLY 


work in 


foods. 


some 


location, 


Food technologist or lab technical posi 
tion dealing with juices or cereal prod 
ucts desired by graduate with major in 
agricultural chemistry. REPLY BOX 
A-1. 


FOOD TECHNOLOGIST M.S. Desires 
responsible position as Director Quality 
Control. Ten years diversified foods ex 
perience in 
agement, and s. 
and meat indus<ry. 


PLY BOX 829. 


preduction, research, man- 
‘es in vegetable canning 
Salary $9,500. RE 


1950 graduate with B.S. in food tech 
nology position in product de 
velopment, production, technical 
technical service, packaging, or quality 
control. Salary, $8,000. REPLY BOX A-2. 


desires 


sales, 


Frozen bakery products company in 
East has opening for recent graduate to 
do Product Development and laboratory 
work. Training in 
teriology and 
State salary requirements, draft status. 
Excellent working conditions and future 
opportunities REPLY BOX 827. 


food chemistry, bae- 


biochemistry desirable. 


New Ph.D. in food technology desires 
product development, technical service, 
or industry Spent a 
short product 
development research. 
Salary, $10,000. A-625. 


research position. 
eonsultant in 
industry 


BOX 


time as 
and 


REPLY 


Recent graduate with B.S. in food 
processing desires R&D position working 
with fruits or vegetables. Product de 
velopment, production, or industry re 
search preferred. Salary, $6,500. REPLY 
BOX A-5. 


DIRECTOR 
SOUTH 


internat 


RESEARCH 
AMERICA 
Large onal meat processing 
company looking for Food Technolo- 
gist or Chemist Ph.D. with research 
experience in the meat industry, plus 
executive ability to manage Food Re 
Development Laboratory in 
Aires, Argentina. 
résume REPLY 


and 
in Buenos 
Send 


search 
Salary open. 
BOX 828. 


with Ph.D. in bacteriology 
doctoral fellowship in a 
a similar position in in 


REPLY BOX 


Individual 
post 
university or 
dustry. Salary, $7,000. 
A-628. 


desires 


Experienced man desires quality control, 
product development, or production posi 
tion in the area of vegetables and fruits. 
Salary, $12,500. REPLY BOX A-8. 


individual 
product 


Mature 
ence in 


experi 
produe 


with heavy 
development, 
engineering, and quality 
production and laboratory su 
pervision position. He holds an Se.D. 
in eolloid chemistry. Salary, #9,000. 


REPLY BOX A-634. 


tion, control 


desires 


1954 food technology graduate interested 
in quality control, research, or produc 
tion management position. Interest range 
technical service and pack 
$9,000. REPLY BOX 


alse 
aging. 
A-14. 


covers 
Salary, 


RESEARCH CHEMIST 
PREPARED MIXES 
Need young with de 
gree in food chemistry, food technology 
or cereal istry and 
experience to work in 
product development 
to grow 
fringe 
Salary open. Writ 


college graduate 


chen several years 

new 
Good opportunity 
and 


sharing. 


research and 


into responsible position 
include profit 


BOX 831. 


benefits 


Industry research, product development 
and academic research are 
areas of interest to young, available, 
Ph.D. food technologist. Salary, $8,000. 
REPLY BOX A-636. 


respective 


Young food technology graduate in 
terested in either technical sales position, 
or product development or technical 
service oriented toward management. 
Product preference is fruit and vege 
tables. Salary, $6,800. REPLY BOX 
A-17. 


Fruits, vegetables, and cereals interest 
Ph.D. food technologist who desires 
product development, industry research, 
position. Salary, 


BOX A-611. 


or technical service 


$9,000. REPLY 


Meats, fats and oils, and feed interest 
man who desires position as food chemist 
or food technologist. Salary, $7,500. RE 
PLY BOX A-20. 


ASSISTANT PROFESSORSHIP IN 
FOOD TECHNOLOGY 


Position available in teaching and re 
products technology, 
with research emphasis on poultry meats, 
but ean include 
Ph.D. 
qualifications to . 
ment of Anim: 
University 

ware, Box 


search in poultry 


quality studies. 
résumé of 
Cover, Depart- 
Poultry Science, 


Newark, Dela 


required » v with 


and 
aware, 


Industry research position in food tech 
nology desired by Ph.D. Experience in 
eludes eight years in industry research 
and three years in quality control. 
Salary, $11,000. REPLY BOX A-637. 


1956 graduate with B.Sc. in Home Eco 
nomies indicates she is interested in a 
product development or food promotion 
position. Salary, $6,200. REPLY BOX 
A-25. 


Heavy experience in product develop- 
ment, quality control, and _ technical 
service are characteristics set forth by 
Ph.D. in chemistry who desires to work 
with flavors, cereals and baked goods. 
Salary, $10,000. REPLY BOX A-638. 


W. W. II veteran with five years experi 
ence in packaging seeking position in 
that field, purchasing, or engineering. 
Product preference is frozen foods. 
Salary, $9,000. REPLY BOX A-28. 


Quality control position with 
emphasis on frozen foods desired by 1955 
food technology graduate. Salary, $5,800. 
REPLY BOX A-30. 


primary 


B.S. in biochemistry desires lab and/or 
panel research, or statistical quality 
control manager position. Product 
preferences include edible nuts, con 
fections, and deep fat fried products. 
Salary, $8,500. REPLY BOX A-106. 


Cereal chemist graduate desires executive 
technical or managerial position. In 
terests are product development, produc 
tion, technical service, packaging, and 
quality control. Salary, $20,000. RE 
PLY BOX A-37. 


FOOD 
Modern, growing plant in North 
Jersey requires an expe rienced Research 
Technologist to deve lop new food 
Under minimum supervision, 
the man we seek tackle technical 
problems requiring the application of 
vledge. Considerable in- 
genuity and initiative to adopt new 
methods are needed, plus ability to di 
rect activities of other professionals, 


We have an opening for a Food 
Technologist with testing ex- 
perience to earry out testing 
itside organizations. A 
5 years experi 


TECHNOLOGIST 


processes, 
would 


advaneed 


also 
eonsumer 
product 
programs with o 
degree and minimum of 


ence in specific fi ld required. 


nsurate with training and 
Opportunities for growth 
résumé with 
held 


answered, 


Salary 
experiences 
unlimited. submit 
requirements. All 


will be 


commie 


salary eplies 


confidential 


BOX 830. 
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ASSISTANT PROFESSORSHIP IN 
FOOD TECHNOLOGY 


Biochemist with interest in Food Teeh- 
nology problems needed for basie re- 
search on composition or metabolism of 
plant or animal products. Ph.D. re- 
quired. Reply with résumé of qualifica- 
tions to: J. H. MeClendon, Department 
of Agricultural Biochemistry and Food 
Technology, University of Delaware, 
Newark, Delaware. 


FOOD TECHNOLOGY, JANUARY, 1961 


economist. Midwest location. 
Home Econ. degree required plus 0-2 
years experience. Position entails food 
laboratory work mainly concerned with 
taste panel techniques and prepara 
tion of recipe food products for evalu- 
ation. REPLY BOX P-727. 


Home 


RESEARCH FELLOWSHIPS in nu- 
trition or Food Technology leading to 
a Ph.D. degree in one of several uni- 
versity departments, depending on stu- 
dent’s interest. Stipend $230/month 
and up. Write to J. B. Brown, Director, 
Institute of Nutrition and Food Tech- 
nology, Ohio State University, 1645 
Neil Avenue, Columbus 10, Ohio. 


Product development. Southern loca 
tion. B.S., M.S., or Ph.D. for product 
development in frozen and canned sea- 
foods and animal items. Bacteriologi- 
eal and chemical studies involved. RE 


PLY BOX P-728. 


FOUNDED 


Maurice Avenue at 58th Street 
Maspeth 78, New York City 
BERNARD L. OSER, PH.0., PRESIDENT AND DIRECTOR 


Development Bacteriologist. Midwest 
location. B.S. or M.S. in bacteriology 
plus one year of industrial bacteriology 
work on meats. Position entails bae 
teriological analyses, specifications, and 
development research, REPLY BOX 
P-729. 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P. O. Box 2217, Madison 1, W 


WISCONSIN 
ALUMNI 
RESEARCH 
FOUNDATION 


RESEARCH KITCHEN 
PRODUCT DEVELOPMENT 


Leading national supplier of basie in 
gredients to the food industry has excel 
lent opportunity in its Research and 
Product Development kitchen. The com 
pany is located in Chieago. The appli- 
cant should have 10 years experience in 
meat processing including curing, smok- 
ing, sausage manufacturing, and related 
meat areas. Should have enough super 
visory and organizing experience to di 
rect Research and Development activi 
ties. Should be creative and research 
minded. Exeellent salary for the man 
with the proper qualifications. Reply im 
detail stating experience and salary 
required. REPLY BOX 824. 


Technologist. Midwest location. B.S. 
M.S. in chemistry and/or bacteriology 
for quality control position involving 
chemical and bacteriological control of 
raw ingredients, processing parameters 
and finished produet. REPLY BOX 
P-730. 


Midwest location with considerable 
travel on National basis. An M.A. or 
Ph.D. in dairy and/or food technology 
and/or biochemistry required for this 
technical service position. Experience 
should include sales and research experi 
ence in dairy field. Home office research 
also involved. REPLY BOX P-302. 


SPECIALIZED PLACEMENT 
Service For Men 
In The Field Of 
FOOD TECHNOLOGY 


National—Our Serv- 
rapid—effective 


Our clients are 
ice—Confidential 


Forward a resumé—or, if you have not 
prepared one—mail your name and ad- 
dress for further information to 


TOM WHITE 
DRAKE PERSONNEL, INC. 
29 E. Madison Chicago, Il. 


Tel. FI 6-8700 


FREEZE DRY ENGINEER 
Degree in food or Bio-Eng. (strong in 
Engineering, Bacteriology and process- 
ing of foods) or degree in Chemistry, 
Bacteriology, Chemical Engineering or 
Veterinary Medicine or Academician 
with advaneed degree and considerable 
consulting experience in  Freeze-Dry 
techniques and equipment. 


Must have 5-10 
Thorough knowledge of Freeze-Drying 
techniques and equipment with food, 
pharmaceutical or veterinary medicine, 
agriculture or government research in- 
dustries. 


years experience. 


Salary $10,000-$12,000 plus. 


Dickey, 
Ameri 
West 


Please send résumé to John 8. 
Employment & Training Admin., 
ean Sterilizer Company, 2424 
“3rd Street, Erie, Pa. 


chemist, food laboratory. East 
coast location. M.S. in chemistry or 
food technology, or heavy experience in 
baking, dairy and/or packaged goods 
necessary. Produet development and ap- 
plications research in area of starches, 
modified starches and water soluble 
gums. REPLY BOX P-304. 


Chief 


Manager of Food Technology and De- 
velopment. Western location. Mini- 
mum of M.S. or equivalent in food tech- 
nology or related fields for man who 
will organize, develop, and direct a food 
technology, development and service de- 
partment. REPLY BOX P-305. 


Technical assistant. East coast location. 
M.S. or Ph.D. plus 2 to 5 years experi- 
ence principally in cereal chemistry re- 
quired of individual who will assist in 
technical sales service, follow research, 
write brochures, approve advertising, ete. 
Products involved include sanitizing 
agents, colors, vanillan, ete. REPLY 
BOX P-309. 


ENZYMES 
and ENZYME Products 
Lipase Enzyme preparations from calf, kid 


goat and lamb animal glandular sources. 

a ® An enzyme modified whole 
Wd. Lact milk powder for developing 
a rich, distinctive flavor in milk chocolate, 


and chocolate coatings, and for emphasizing 
desirable cheese flavors in dips and sauces. 


o Write for samples and literature. 


DAIRYLAND FOOD 
LABORATORIES, INC. 
P. 0. Box 406, Waukesha, Wisconsin 


location. 
years 


Food technologist. Midwest 
Technical degree required plus 0-2 
experience, Maintcuance ot quality and 
development of new products including 
coffee, products, glass 
packs, ete. A non-routine position neces 
sitating willingness to travel. REPLY 
BOX P-725. 


vegetable oil 


Research and analytical chemist. Central 
states location. M.S. in organic chemistry 
or equivalent. Experience in pesticide 
analysis and/or analytical organic chem 
istry. Person selected will establish an 
analytical section primarily for pesticide 
analysis, but involving entire research 
program. REPLY BOX P-314. 


BIOLOGICAL SERVICES 


Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packaging —Toxicological, 
Mycological and Bacteriological 


Investigations > 


United States Testing Co., Inc. 


1415 Park Ave., Hoboken, N. J 


Dairy technologist. Midwest location. 
Teehnieal degree required plus at least 
two years experience in grading. Po- 
grading and ap- 
proving purchases of cheese and other 
dairy produets. Individual seleeted must 
be willing to travel. REPLY BOX 


P-726. 


sition entails cheese 


PROFESSIONAL DIRECTORY | 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 
Seren siete ASSOCIATES 

3755 Forest Park Avenues 

St. Lowis 8, Mo. JE. 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technical service 
to the food and beverage industries. 
We offer thorough, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 

SCHWARZ LABORATORIES, INC. 
230 Washington St., Mount Vernon, N.Y. 

Phone- MO 4-1190 Cable: Swoknip 
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single source for all your 
ope requirements, from 170 to 3500 mu. 
Each is the product of Beckman 
-aders spe 4 > the 
185-8500. mp +-+-+-+ leadership spanning more than 
custom to 17 mae : a 20 years. You can choose the 
—+ with potentiometric recorder. .. 
the Model B for fast, accurate, 
routine analyses. ..the DU®, world- 
renowned laboratory workhorse... 
? or the versatile ratio-recording P 
DK*-1 and DK-2 (also customized 
f for far-UV ). One of these Beckman | 


precision instruments will serve 
your specific applications best. You 
don’t pay for more, nor accept 
less than you require. ™% In 
addition, with Beckman, you gain 
: maximum measurement versatility 
through a full line of accessory 
attachments and absorption cells... 
skilled application engineering 
to help you with your sampling and : 
measurement problems. ..prompt 
attention from a large complement 
of dealer sales and service 


: bok personnel in more than 110 U.S. 

and Canadian locations. For 

I~ details, call your Beckman dealer 

c or write for Data File 84-1-03 

Beckman 

Scientific and Process | Instruments Division 

2500 Fullerton Road, 

/ 

* Trademark, Beckman Instruments, Inc. 
$i: 
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STRAWBERRY BY NORDA COMES RIGHT TO THE POINT 


Nothing 
dull about 
this strawber- 
ry! There's some- 
thing great about 
whatever it flavors! That 
“something” is what Norda 
calls ‘natural dimension." It's 
the way a flavor is made to fill 
out, just as Nature intended. Not 
too thin. Never too fat and overpower- 
ing. One point is certain: you can always 
rely on Norda. 


Fiavor it with a Favorite—from Norda 
® 


Samples, free, by sending your business letterhead to 


NORDA, 601 W. 26th St., New York 1, N. Y.* Chicago + Los Angeles + San Francisco * Toronto * Montreal! » Havana « London « Paris * Grasse » Mexico City 
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